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PREFACE 



College and universiiy administrators wiU have to make som© very 
differBnt choices as .we move into a networking environments 
AcG©3smg scarce resources and shopping for better costsor response 
time is already feasible. It may be longer before we begin to feei the 
effects of a new rriedlum for inteifectual exchange and nevvfn 
system structures resulting from national networktng: There is very 
litile question, however, that there wil! be major benefits for higher 
education in each of these four ardas. Highlighted bya demonstration 
of an embryonic version of a computer network for higher education, 
the EDUCQfV! 1975 Fall Conference jliustrated the potential benefits 
and choices avaiiSable to higher education in a netwofkingenvironment = 

Bagmrimg with a keynote address by Will^arri fVliller, Provost of 
Stanford University, which outlines the prospects and problems likely 
to be important to college and university administrators in the late 70's, 
this proceedrngs includes papers from the conference plenary 
sessions. A first group of papers develop the theme initiated by 
Dr. Miller. InPart li authors explore the possibilities of using distributed 
computers as a resource, paying special attention to the gr owing role of 
the minicomputer on campus. Authors eKpenences in regional sharing 
of computer resources described in Part HI ill ustrate real achievements 
of networking for higher educatiori made by many states. 

As a familiar poftion of the EDUCOM Corifarence, workshops 
developed the ideas raised in plenary session and gave conferees an 
opportLinrty to share indlviduai experiences. Reports on each workshop, 
preparedf immed»i^iely fonowing the conference, were distributed by 
mail to thipse converges whorequestedthem. Additional copies of tthase 
reports \Afhich Wfirage four pages each are available at the cost of 
reproductlcn iw^i EDUCOM 

On behalf di all conference participants, I thank Conference 
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Chairman Gene F. Franklin, Sianford University, who led the program 
commitlee in the design and implementation of ihis timely and 
interesting progran^. Thanks are also due to other mernbefs of the 
program committee: James Ernery. EDUCOM; Robert Gillespie, 
Washington State Computing Consortium; E. Rex Krueger. Oregon 
State System of Higher Education; Metvin Peisakoff, University of 
California; and Robert Scoit, MIT, 

Joe B. Wyatt 
Prs sident 
£DUCOM 
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INTRODUCTION 



The theme. "Policies, Strategies, and Plansfor Computing in Higher 
Education", is d&velQped in this volume in two aspects: nsw 
possibilities for college ^and universities ina networking environment; 
and the rQle for minicomputers in higher education now and in the 
immediate future. Presentations, included here in edited form, are 
addressed to college and university administrators who hold 
respgnsibinty for computer resource management within an institution 
as well as those who have the responsibility for allocating computing 
and other resources within the institution through the budgeting and 
planning process. 

Addressing the first thenne. Wi!!iann Millef, Provost of Stanford 
University challenges readers with his view of policy prospects for the 
late seventies. Additional papers on this theme indicate some 
irnmedlate steps educators, administrators and faculty need to take in 
order to prepare for the future: the administrative environment required 
to take advantage of nelworking, poliny issues that are raised and the 
Impact of technelogy on the university as a policy making entity. A 
progress report on the IDUCOM Planning Council on Computing in 
Education and Research, outlines a specific response to the issues 
raised previously, and describes first steps in implementation of a 
facilitating network designed to help a particular group of institutions 
respor.d to the challenge of computing In a network environ ment. 

It Is becoming too obvious to be ignored that "he cost effectiveness of 
minicomputeri is going to cause therti to selected for more and 
more computing in higher education. The only question now is the 
definition of their territory. They stand uncontested in the field of the 
laboratory and process-controL and are bpgi nning to prove themselvas 
increasingly capable of handling data base and interactive funetions. 
Several papers address policy and management issues faced by 
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colleges and universities implementing distributed computing on 
campus, noting particularlythe influence of state governnnent on public 
university systems, Looking to the immediate future, David Winkel 
provides readers with an analysis of computer technology (available 
now on an experimental basis) which will likely bring significantly 
increased computing resources to higher education within the next few 
years. Administrators in higher education. wiH want to note the trends 
oullined by Dr. WInkel in order to plan and budget for computer 
resources during the late seventies. 

As usual, the time necessary for production of the proceedings will 
render some of the ideas discussed in this volume obsolete by the time 
of publication. For further inforfnation and updates to trio ideas 
presented here, readers are referred to the authors and to the literature 
of technical professional societies, Namesand addressesof all authors, 
together with those of other conferpes, are printed inAppendixAof this 
volumii. 

As we move into a networking environment collegesand universities 
will indeed face some very different choices regarding allocation of 
resources for computing. This vf4ume presents some of the options for 
institutions in this environmeni, which should be useful and provoca- 
!ive for administrators and faculty in a variety of institutions of higher 
education. 



Gene Franklin 
Conference ChBirman 



CHAPTER 1 



by WiUiam Miller 

Computing in a Network Environment: 
A View of the Future of 
Computing in Higher Education 



Introduction: Social and Economic Conditions 

Higher education, both public and private, is facing an economic 
crisis that has severe, continuing, and iong-term consequences. The 
econDmic crisis that threatens us today is not simply one of poor 
business conditions, so to speak — it is more serious than that. We have 
run up agamsi an economic principle that offers us few attractive 
alternatives — fortunately there are a few= 

Let rTte iry to present a Simple expression of the present conditions, f 
higher education and the economic law that confounds us. For this over- 
simplified description of the economic model of the Universltv. I 
apologize to my economist friends J am well aware of thecompMcatiQns 
and refinements which con and should be introduced, but the refined 
descripttons lead us to the same conclusions. 

In a normal economic time and over the long term, for a society which 
experiences increases in productivity, salary and wages will grovv more 
rapidly than Inflation. That is, gains in productivity are translated into 
real gains in salaries and wages of society as a whole. However, in an 
activity or a sector of society which does not e^rperience incraases in 
productivity, rhen either salary and wages of the workers m that activity 
will fall behind the salary and wages of society as a whole, or that 
activity must receive an increasing subsidy support from tha rest of 
society. 

Applying thistohigher education. productivity is intnnsicproductivi^^ 
or productivity in the mput^output sense; more students per doitar(and 
per faculty) In this simplified model we are not usmg productivity 
defined as mcreased quality of education, the benefits of which are 
external Through research and better education we may improve the 
productivity of the rest of society, but we may not improve our own 
intrinsic productivity in the throughput of students. 

Intrinsically higher education has experienced very little mcreasa in 
productivfty in many decades. William Bowen once said that higher 
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education has not 8>cpenenced any mcraase in productivity since the 
introduction of the nnicrophone Essentially, teaching and research are 
one-to-one or one-to-few activiiies. 

To restate the economic principfe as applied to higher education, if 
we do not find ways to increase academic productivity, then either 
increases in salaries and wages will fall behind those of society as a 
whole or we shall require increasmg support from the rest of society 
through increasing flow of philanthropic givrng. increasing proportion 
of the tax dollar, or increasing rates of growth of tuition. 

Now you may imrnediatelyask, if thisisanecononnic principle and we 
have not been experiencing increases in productivity, why have we not 
had the crisis before now? The answer is fairly simple. Heretofore, 
higher education has not represented a large enough portion of the 
Gross National Product (G.N. P.). The academic consumer price index 
has been growing more rapidly than that of society as a whole. 
However, as long as higher education represented a sufficiently small 
portion of the G.U P.. that sector could obtain increasing support with- 
out having a big impact That is now no longer the case. 

We may gam increased support for a while in recognition of higher 
education's external contributions to increases of productivity in 
society as a whole But H can't keep up for long. So where do we turn? 
We must find ways to increase our productivity by improving overall 
efficiency throughout the UniversJty. University adminisiraiors with 
some expertise in computing have special opportunity to make a major 
coniributton to mcreased academic productivity. 

Computing has already contributed greatly to enhanced quality of 
education, as well as to increased productivity on the administrative 
side the academic enterpr^F- Unfortunately, the increased pro- 
ductivity m the administrative areas has largely gone unrecognized 
because it has been offset by huge increases in administrative burdens 
due to mcreased demands for various forms of accounting, audit, and 
regulation imposed from outside the institution. 



The Role of Computing in Higher Education 

Computing is not the only means of increasing productivity or improv- 
ing the quality of higher education but it is an important means, and we 
shall no doubt see greater use of computing in the laboratory, the 
iibrary, the classroom, and the administrative offices. 

Although computers are familiar in laboratorias, libfaries, clasS' 
rooms, and certain aspects of administration, they are not so common 
as tools for academic planning and modeling Some work we are doing 
at Stanford which is rather interesting in its own right, also illustrates 
how computing finds new applications. 

At Stanford we have developed a number of models of the different 
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processes such as 0 ) age and tenure distributions of faulty varying in 
time underdiff€rent assumptions, (2) research voiume, and (3) mdirect 
cost recovery as a consequence of a variety of assumptions. Perhaps 
the most interesting of all isthe budget equflibrium modeL The budget 
equilibf ium model projects both the expense side of the budget and the 
income side of the budget in terms of various economic indices and the 
basic pararrieters of Stariford University such as the present faculty 
size, student body si^e and composition, research volume, and 
endowment income. 

Taking financial equilibrium as a constraint, the model uses a budget 
which isbalancedo/?f/?^ai^^ra^e over time and permits one 
trade off functions by choosing mo interdependent parameters and 
holding a II others constant. For example, we can calculate the relation- 
ship between faculty salaries and tuition under various assumptions 
[ihout faculty and student body size, endowment payment and total 
return, research volume and gift flow. Because parameterization 
occurs on both the eKpense side and the income side m terms of 
economic indices, errors on estmates of economic indices will enter 
both sides of the budget c£^lculations= 

At Stanford we have found this model and its various component 
parts to be a very important tool for institutional planning. Other 
institutions are doing similar things. Such techniques will become 
commonly used fn the near iuiufs. 

Because of the prominence of computing, both as an intrinsic contra 
bution to all aspects of universityactivity and ,?s a significant item m the 
budgets of most universities, it will and should get a great deal of 
management attention in the future. It is terribiy important that the 
computing be done well, and that we find ways to do it economically. 
Computing can and will contribute to increasing the productivity of 
universities, but economic pressuresthroughout will create pressures 
on the growth of computing budgets. 



Role of Networking 

In networking college and university administrators have an 
opportunity to improve the contribution of computing to the overail 
productivity problem of higher education. Networks and large scale 
computers do not have to be a mutually eKclusive alternative for 
minicomputers and microcomputers. Each has an important role= 
opportunity and there will and should be competition at the margin 
where the two roles interact. However, in general, each will support 
and enhance the opportunities for the other. 

Where a re the opportunities for networks? Most of the opportunities 
have one characteristic - they aMow colleges and universities to sha 
computing resourciswhicharecosfly to acquire andcostly to maintain. 
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Orii useful analogy ii the expensive specializsd book cclleclion in a 
library; acollaotion wvhich might be anlnvalLiable resource forcerlair 
areas of research but weuld be expensivato ^cquii^e and expcnsivato 
hoijseand niairitain cvenif one didacquireit. Itis those verycollaetions 
in libraries whichar«baing sharad crforwhich plansandprcceduras 
for sharing are bein^ d^velopecl, 

I n computing, th€ Gpportuniiies for sharing wNlch fit Into this 
category are: 

# Larg^ dBtsbBM$ whose dev^lopi^ent is ©xperiive and wbos« 
siarage m nd/of malnlinance is ^j^pansiva'. Census and ^^otinfl 
data, jstron&rriicalindastruphysic^datJ,lil^raryca 

and so on raquirts a great daal of InteJIeotijal effort to develop, 
expensive data storaga a^uipinaritto Hold Iham and aontinus^ 
updating -with eQnfim©nsurat& mairterunceoosts. 

# Lmgm $pmmi prograrw like iha Stanford Uni^arslly economic 
modeling program. This program sz/as tnoderat^in davalopnnant 
ecsts^but the confluenoe ©fpartteular talents \vhiGhhappen8d to 
bcpr^santat Stanford prcvlded a recessarvspacisl opportunity 
for its dawiiopment. The actual if^QferTontal cest cf devalcpirtg 
thes^ progra^i was not eKpinsiva, but ihe cost of brirgi^g 
togetrer m group for that expl icit purpcsse vwould be costly, Mora 
obviQiJily^ this program is one vv^tich is undergoing continual 
refinement and upgrading, which, in addition to regular 
malntanacce i s aicpenslye. SN aring It yla networks wou Id be ea^y 
end economical of both iniellaelual affcrts arid computing 
(programming) maintananca cost^.Additioirial examples of such 
spacialprcgrafns Include graphics prog ramAteaching programs, 
etc, 

# L Brgm coffect/^ns spea/sliimd pragrBrT} lib f&r/m & uch as slat i m ' 
tics programs crpriysicsdata analyiisp rograiri&-Th^sa programs 
aresimlMarin larnns of opportunity lotNelarga special progreme. 
Sharing ttiese typas of resaurcas ^ro^idas opportunitvr to share 
intalleGtu^l d^Vilopnrtent eosts, contin iiing maintenance costs, 
and aiorase costs. 

Library eutomatlor programs which do card satalogulng.bcjokorder' 
ing, and in-prDcass acccunting illustrate alt of thmm qyalitias: larg€ 
databasas; larg^speclal progre ns. The ^evalopmant of thedata atruc^ 
turas and ttia pfocessin^ programs is ©Mpari^ive- Development of th^ 
card catalogue ^ata base Itself iie^pen^ive. Storage of data and pro- 
grams is ascpansiva, andtheeostof continually updating isnon^trivjaJ. 

Other opportynities are also providad by netwerkirg. 

# Lmd taimncin£ &nd rsBOdJfc^ $ho/)pin£, Vi j rietworklng m us^r 
may find mora jeoessi^ii eonriputirig or more eccnofflical 
c^omputinfi then is ivailabla to hlrri or Ner at horna ata particular 
ttot- Thieis an sfnportaril opportiinitv that provides for better 
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averaging of uaa and averaging of cost by spreading use over a 
broader base of equipmeni, Networkjng can also provide access 
to some ralitivaly rare speclalizert equipment such is very 
powerful number erunchers. Durir^g transitions of local 
equipment changes, networking also prcvidas opportunity to 
smooth off peak load problems or provide capacity. 
• ExpfQratiQn v/a n&tworkB, Administrators In an institution 
could find out whether the Stanford University financial 
economie mod€ls are of any use to them by trying the programs. 
Through a network, this exploration can be done with a minimum 
of invasimant in time and equipment until one has coma to a 
conclusion on the utility of the programs. 



Problams to Solve 

The opportunities for netx^orking tg cantrlbute to increasing 
productivity, both intrinsieally and in terms of improving quality, are 
clear. There are many problems and sharing concepts yet to explore. 

Technical problams Involve both hardware and software. In 1975 I do 
not believe that the technical problenis are the principal obsticlesto 
effective use of computer networks. Many of the technical problems 
have been solved within a single organization (corporation) or they can 
be seen to be at hand. 

Policyand management problems are another matter. First there are 
legal and/or government regulation problams. Let's take the question 
of unrelated business income for non-profit orgs nizations which raises 
an income tax problem andperhaps properly iaj< problems, iecause the 
IRS has in several cases rendered a narrow interpretation of income 
derived to acadefnlc computer centers in universities and in other non- 
profit organizations, this issue clearly must be solved before extensive 
wide-scale network computing can come into popular usage. There 
may be a number of ways to solve this problem, but leaving it 
unresolved leaves the tncome deriving institution exposed to later 
claims at a lime when it will be too late to build the tax cost Intoihe rata 
structure^ 

There a re problems rela ted to indirect cost recovery and government 
audit regulations. For example, with government audit for direoi and 
indirect costs, a uniform pricing policy is required at all supplier sources 
on the network. Some organizations employ a cost related eharging 
ichame which relates the charges for the use of resources directly In 
terms of the cost of aquirlng and mainiajning the resources. Other 
organizations employ pricing schemes which are intended to provide 
incentive to shape the utilization of tha machinery in varlousdirections. 
Most schemes are in reality a mijcture of these two ideas, 

will government reguliiiion and audit take a broad genera! view of 
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this probiem or will one university's sale of computer time to another 
expose it to the other's audits on pricing practices? How far does the 
SLidit reach? Networks provide an exposure to persuasive audit 
practices and possible cDnflicting ones for public institutions, subject to 
both state and federal audits. 

fNetworks may force greater attention to security issues. A srnajl 
collection of hvper-inquisitive users at a given location is provided a 
larger playground or greaiar challenge to "screw up" the systern, 

INetworks may expose us more to simplistic application of agency 
policies. For exarriple, an agency may nnandate the use of a particular 
facility over a network at a distance because the agency has art 
investment in that facility or simply has ambitions for that facility even 
though there is such a high cost In user effectiveness as to generate 
losses in productivity. This is a very complex issue which has no simple 
solution and Is linked to the next issue. ^ 

Who will be a suppiisr and who will be a user? The cost of acquiring 
and/ or developing some of the highly special facilities issogreat thata 
supplier may need sorne guarantees through agencies or consortium 
agraements. Under what conditfons would a eonsortium be willing to 
provide guarantees and what controls do thay obtain in return for their 
guarantees^ 

It is this array of managgment and policy problems that the EDUCOM 
Planning Council for CorTiputers in Education and Research is 
attacking. 

Epilogue 

I want to close with a brief epilogue. This message is "keep the faith," 
Computing is incfeasingly an exciting activity. The problems are 
challenging, and we can niake additional significant contributions to 
higher education. Additions lly. education is still magic. The public may 
be giving ui a hard time right now. but they want us and know they need 
us. if we make it clear that we are attacking our problems directly and 
courageously they will have good cause to support us. 



CHAPTER 2 



by Joe B. W'yati 



EDUCOM 19751 
A Forward Look 



The opportunities provided to our society by compufar technolegyare 
viry exciting. From the large specialised computer systems and tha 
rninicompLitars to the microaomputar processors, including the 
spftwar© that makes them useful and tha new conmuriications 
systems that can connect them all, computer technDlogy is presenting a 
host of new opportuniiias to higher education in particular. Indaad, it 
appears that computer networking will provide e new and important 
dimension to schools in the development of their technological 
resources for reseach and teaching. In the long run there are likely to be 
soma administrative benefits t© networkjng as well. 

At a time when the relevance of higher education is being questioned 
and the financial fesources available to nnost institutions are 
diminishing in tha face of riiing costs, wisdom and skill are going to be 
raq^jired ofi the part of every college and university in allocating its 
resources. Computer technology isa costlyandlmportant resource. We 
need to share computer technofogy through netvvorking and to banefft 
from doing so. f^aturally, networking w\M have its limliations and there 
vvill be better alternatives in Sonne si'^uations. In a few words, t will 
attempt to summarize here my view of the opportunities, the 
commitments which must be made to overcome certa in problems, and 
the rola that EDUCOfVl can play in dealing with both. 



Th6 Oppoitunitlis 

There are four types of opportunities vvhich can result from computer 
nitwerking amorig colleges and universities. Two can be attained 
ralativeiv soon (within a year or two); the other two may take a iDfiger 
period of time. 
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ACCf SS'(NG SCARCE RISOyRCfiS 

For the short ierm, i\ appears thdt coll&ges and ymversaies can 
benefft novwfrom jn abi hlv'to access, by networking, scarce com putef 
and informa^on resources mcU^ding hardware a^nd &m m w^ll as 
software. There are already a number o^f natjonal hardware resources 
thai mW most likely not be duplicated and are of intereBt to a large 
connmunity of researchers. (NCAR, LRL, and ILUAC4arBtliree eKilimg 
examples and there are aethers in the works, including the proposed 
National Center for Computatron in ChenniSlffy.HI ) 

There are also national data fesource^ vvh'ch are important i^n 
te^ochmg and research but cann-ot be replicated effe&rii/ely, These 
mclude the bibliographic data base of the Library of Congress, the 
economic data maintafned by the National Bureau of Economic 
Resaarah. the demographic data supplied by lh« Sur^^au of the 
Census, ^niafler respgrch cDllectior'S, end a Hast of other data 
resources available m the pubh/c and private sectofs. 

Fmally, there are software r^asources. Many of our attitudes in the 
past have been shaped by the riotion that sharing software resources 
means getting a copy of someone else's programlo run on one's own 

lachina. For som© software this conUnues t© be feasible In fact, our 
efforts to develop mobility >ri softwaro through standard programminii 
practices anc* appropriate documentation yioiiidb^ stepped up. (The 
CONDUIT activity ts an example of such an eff ort )i However, there are 
an increastng r>umber of impoftani software resources thai are nm 
easily tfansferrecJ. La rge and complex, these systems functior^ best on 
the compulef system used for their development, (f^any, in faci are 
actualiy "tuned^' taoperate on a particular computer system.) Beca use 
indivrduai users often require only Hmited use of such software over 
long periods of time, these resources might be more effectively 
accessed remotely. » /iab 

Consider for an illustration the set of programs called SY!VIAP am 
SrMVU offered by the Laboratory for Computer Graphics in the Design 
School at Harvard UniversHy.(2) These progra ms have bean developed 
overapenod of about ten years, and although iHevara quite complex, 
they have been distrifoytad to more than 300 different computer 
installatfons around th^ wrld.The programs were initially developed 
m. IBM 7O90 equipment and later converted to IBlVI 360 and 370 
-auipment Major conversion efforts are required for non-IBM use of 
these programs. Moreover, each ^ the 30O computer installations 
corrimkmicates separately with the <iraphics Laboratorv at a very 
detailed level in order to install and operate the progran^ssiwen though 
gpod documentation is provided. The pr^grami are contmyally 
improved' therefore, maintaining the ever^changing prograrns m a 
significant requirement. As a result, each insiitution, must have a 
computer system capable of operating the programs and must acquire 
the services ^of « systems programffl^r to install and maintain a local 
copy of them. The systems ^rogram^er (Of a loca leGnsuhanil must also 
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proyidle some user consulftatave services. This observer's experience 
indseates that aboyt 1 0% to 1 5%^ of a local syssem's programmer's time 
is feqyired (or full prodyctive use of the progre^fT's m addition to the 
trainingcourEes and documentation offered by the Compiiter Graphid 
imbmmo^Y^ ii€trap©l3tron shows that if overSOOsysternsprogrirnrnafS 
spend approximateSy 10%Qf their tjmevvDrki'ngvwith she prograrnsand 
ysers of the programs, th« cost af the systems pr©granimersalone 
\Mll be likely to be in excess ^qI half a milllion dollars a year, 

With gcod natwork aceess, ^of murmB, a viable alternative to ihis 
situation becomes available. The programs can be maintained at a 
smafl number of icentars by staffs of experts who are continuaHy 
engaged Irr th^ program*s development; onfy these instil lations with 
very hea^ mm of the prcgrimi might adapt thenn to a local cornputing 
reioyrice . IrnprcivBniefits in the prcgframs cDuld be more i in mediately 
aviiisble te^ end gsers, as th^y would not have to be dlitrlbutetf and 
integrated mo m many loeai mmmm of tlia progfamis. Moreover, the 
cte\?elopment Slalf irt thm graphics faboraiory eauld spend substantially 
less tifTie wswering fepatitive letters and telephone calls and more 
time in the develapnrifnt and improvement of the programs. Perhapi 
fnost ^i^T^portant of all,, teactters and resaarchefs at institutions vwho do 
noi now use thepz/ogra msbecaiise of the probienns discussed might 
t^en gain access to theni. 

Most large computing centers spend a substantial amount of time 
inip.1imentfng. maintaining, and operating ^^borrowed'* programs. In a 
netWDfkiing emvirofifnent a ohoica could be made that is mych more 
pleasant fQ^rtha director of aGomputing cemerJn the past, thedecisian 
has been whether or nottDm0vttha program (with all of the costs and 
liabilities) on the basis of such quastiDri as whether the income 
potential to a computing center would offset additional costs, lin a 
networking environment, sgftv are users would be able to use 
resources remotelv and experimentally first, and then decide whtiiher 
or rsct toi move them into their local centers. Thert are a great many 
softvvare and data reiources that fit this modaL Making thesi^'i scarce 
resoyrces available to a wider audience, at ttss cost and m n mofe 
timely fashion for exp^ri mentation and constinuai ^ le, is a major 
pppCJrtunrty provided by networking. 
SHOPPIWG FOR eETTER PE^FORMIAiyCE OR PflrCE 

Another relative iy sNiort-term benefit of computer natw^fcing would 
be the ability to shop for pricas and response times that are opti rrvum in 
relation to basic eomputer services. Tha basic services art^ loosaly 
defined as thosa vwfhieh are offeredata variety of rasourcesand v^hich 
are m'oMm Insoft/ as use is concerned, i.^., with no signifiiGant 
conversion iff ort reqiuired in order to transfer use f rom one resourca to 
another. There is llltle ^ueition that there currently exists substantial 
oppoftunltw fof optimiiationof cost and response time by choosing from 
among ma^ny computer resources. A 1973 study at Harvard, which 
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compared use of the computeT resources at Columbia. Prmcefon. and 
MIT.- iRdicated a ffactor-of-three' range in the cost for performinig a 
lypical rnomthly uvorkload by choosmg the best case resource for each 
job in the v/Qrkjoad=(3} Another more recerii study by Pater Alsberg at 
th€ University of inmois using several ARPANET resofurces yielded evien 
more significant fesults.(4|i By performing a set of mathematica! 
benchmarks typical of numerical calculations, Alsberg showed a 
differenice of over two decimal orders of magnitude (that's a factor of 
100D in tlie cost of performing these tasks at different resources {see 
Figura 1) The conDpfehensive set of benchmark programs recently 
perfDmed by fiiftieen Plann^inp Council member institutions tends to 
support thiBse pricing differentials for indiwidual types of ]Obs. 
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Although response time is a less concrete phenomeinQn (it depends 
on confiiifons at a particylar moment m time on a computer system), 
there is HtiSe question that users Cfonsider it important In fact, most 
computer i nstalla tions set up for batch computing service offer a pricing 
algorithm that is scaled on the basis of priority: Ini other words, users 
pay more for faster response t^me. An analysis of the accounting 
records for instaliations of this type will shovv that many users consider 
It yvorth spending extra money m order to acqLiire job results sooner, 

On the foasis of these and other data available at the present tifne 
there is Hrtle douibt that selection of aptirnum computer services vra 
neivyorking would benefit a large numiber of computer users. 
INTELLECTUAL EXCHAlMQi FOR RiSIARCH AND TiACHINa 

Over the longer term, there are likely to be even more pervasi ve and 
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mpmtmt Dppomuniities provided by networking One of thase *sa nevv 
ftnedium for inl&llecttiol ^JCGhang© of researsh and teaching rriatenlals 
that areba^d m computer technology. In affect, the national netvvcjrks 
iwill tBComm a vehicle for "publishing" lechinotogfcilly based works. 

For Bmamplm, researchers may have access to data and algorithms at 
a variety of research-oriented universities. Thi'S vyill offer the 
oppDrtun4ty ior research faculty members and gr^duaiie students at 
large and small Institutions to share research resylt^ ^'afscll techniques. A 
recant leiter from ProfessQr G. 'Robert Boyfl^of^ Pirector of tthe 
Uboratory %r Pontical Research at the Unrversily a* \qwb, jllustrates 
this po\int Professor Boynton is eurremly engisggd in collaborative 
research with politicat scientists at five differer^i universities. The raw 
data, comprising a set of rather large data filas. bay^ already been 
collected and are am'srlyble at each lofiatiori. It is possifaieforeachof the 
five f8Sf archers i|fe.^^^ss the data m his own university. Hoyvever, a 
considerable mn^^^'M 0 refinement is neceesany before the analysis of 
the data can e^^^^^^^begm. Moreover, mmh riseaffcher nnijs! make 
SDme transformatiC^M as well as use the transtermtitlDns of the mHBf 
researchers, whkh presents a major commMnidatisn protolesii. If ^lihere 
were a eomputer network available to each of t^i^e researclhers it would 
be possibie for the individual making the iransformaiion to have that 
same transformation performed at each of the Qlhar universities. To 
quote Professor Boynton directly, "It would save us alf rnanV^ours of 
fatse itarts/' 

Amtlierinustratipon— this one in teaching — occy/redthispastyear 
at the Harvard Law School. One of ilhe ctasses in ths 1975 spring 
\femeitir used a cDmputer-based exereise that required factual 
anaiysis and applications of the provisyons ol «he Code of Professional 
Responsibility to a series of problem situations. The computer based 
exercise was developed by Professor Robert Keaton to augment 
traditanal tsaehing materials. Students use the exercises by meeinsof 
an intergctivt computm tBrmtnal. Jhm oompumr-bmm6 exercise a flows 
each student to play a role in a legal ae»n which has been introduced 
by pfinted mfaterial and lecture. siuiatnt is presentad with 
siluaiions reie^vani to the case that re^iuira a decision on the student's 
part. The result is a tree of decisions, each of which depends on the 
student's previous decisions- Several such ejcercises have been 
daveloped, each requiring about five hours to perform- The student's 
answers are recorded by the computer attach point in t*ie eicerciseand 
the stiident is glvef^ a statistical summary of hov^ Hm answers 
compared to othef students, lawyers and Judges who tava done the 
exercise. 

Processor Keetqin, who spent some time on tha facility at the 
University ©f Minnesota LawSchool, used a generatpurpose computer- 
ba*$ed instructional system developed at theUni vgrsity of Minnesota by 
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Professor Russell Burris and his coHeagues. Because there was no 
neiwork functioning in 1974 75 thai could be used for the law 
programs, thay were iransferred to an "Identiear' computer system at 
Northeasiern Universitv in Boslon (both were CDC 6400 computer 
systems using the KRONOS l A operaiing system). The transfer was 
successful but Dnly through axtraordinary efforts by corDputer systems 
p%op\m at Minnesota and Northeastern. A multitude of diffei ences in 
locel cpnventions, systam subroutines, and the like turned out to be 
signsficam problems. To quote Professor Keeton: "AH of us have 
learned that the technicel problems and expense of transferring 
programsevenbetvveenconiputersthat are supposedly compatible^ are 
substantial enough to discourage all but those who afe most 
determlnad to explore and develop the potential of computer-aided 
exercises." However, even after the e^cperjance, Professor Keeton goes 
on to say, "this type of exercise is in itself a very valuable addition to 
methods of instruction in law, and I believe even more significant 
additions to the available technic|ues for both instruction and researah 
in lavfti* are on the horizon " 

It is important to note that there are similar examples In other 
disciplines including siatiitics. economics, and the sciances, 
Technology-based publication by networks can amount to a nevv 
horizon in intellectual exchange of both research and teaching 
materials. 

NEW IISJFORIVIATION SYSTEM STRUCTURES 

Another opportunity in networking is the use of network resources in 
the design of new information systems structures. There continues to 
be a good deal of research in the area of distributed and hlefarchiGal 
systems involving networks. There is already some evidenceof positive 
benefits. There is now aN/ailable a variety of mIcrocomptJter ^nd 
minicomputer technologies and cDmpatible computer components 
usable in conjunctien with larger computer systems in networks. In 
such a distribuied hierarchical structure, multiple network resources 
can be adapted to individual user needs by removing deficiencies in 
janguaga and processing capabilities of raw network services. 

There is some evidence thai performance and cost benefitscar^resLjIt 
from the application of the distributed hierarchical structure, l! is 
difficult to generalize about the benefits, as each situaiton must be 
analyzed specifically and riiher carefully. However, to illusiete the 
concept, a recent analysis was completed of a simple hierarchical 
Slrunture involving the use of network access for informatior storage 
and retrievai apDlicatlons.Mn this case the nmwork resource was used 
for large-scale informatlDn siorag© and processing. fMIiniCQmputer 
pr^essors were used for pa rochial editing and processing tasKs as well 
as small-scale storage. A comparison was made between the 
hierarchical rtmvvork structure and another structure in which 
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terminals directly accessed the large-scale Information storage facility 
in traditional time-sharing fashion. 

The re.^ults showed the the distributed hierarchical structure was 
superior in performance to the centralized structura by 10% to 20%, 
with the benefits increasing with the ponion of transactions prpcassed 
bytheminicomputerconfiguration. More impressive, however, was the 
reduQtion In cost per transaction, which ranged from 25% to 53%. with 
the percentaga of reduction increasing on the same basis as 
performance. The graphic rapresentation of the results in show/n in 
Figure 2. 
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Recent implannentations of a two-level verSiDn of this structure 
support these findings as conservative. At the University of Illinois, a 
group has used the structure to alter their use ©f the MUUTICS system 
at MIT via the ARPANET. Both the performanee and the cost 
improvements eKceed the above results. The structure is also being 
used in administrative systems development at Harvard University. A 
two-level structure Is aurrently being Implimented using an IBM 
370/145 and Oatapotnt minicomputer. The initial cost and 
performance Improvements also exceed the sinnulated estimatas. A 
three-level structure Is now being designed about the same princfples. 
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It appears that we can begin to experience the first two behefits of 
natWDrking very soon, Accessing scarce resources and shopping for 
better costs or response time is already feasible and should be 
broadened. More experiments should be carefully performed and the 
results distributed widely. It may bi longer before we begin to feel 
the effects of a new medium for intellectual exchange and new 
information system structures resulting from national networking. 
There is very little question, however, that there will be major benefits 
for higher education in each of these four areas. 



The Comrnltmsnts 

The obstacles to the opportunities in networking are far from 
disabling. However to ignore them would be a serious mistake. Some 
real commitments will be required from each institution to overcome 
the obmacles. The nature of the commitmants depends on a variety of 
factors, 

ROLi AND SCOPE . ^ .1 

One of the major commitments will be to Identify the appropriate role 
and scope of networking at individual institutions. Major changes are 
occurring in the econDmic and political climate for higher education. 
The financial crunch facing many institutions Is already causing them 
td re-examine their traditional role and behavior. Some institutions will 
view networking as an opportunity to feduee the expense of providing 
computer resources. Institutions with computer resources that are 
underutilised but not adequate to meet many of their teaching and 
research requiremtnts may need to shift the balance of computer 
usage to networks ratherthantoin^house reiources, This will requirea 
significant commitment for planning and management within these 
mstityttons. 

On the other hand, networks will almost certainly initiate pressure 
for the use of serviceicurrentlvinaccessiblefor teaching and research. 
For some institutions thi& pressure will be manifested as requeits for 
additional funds from individuals and departments not previously using 
significant amounts of computer or Information proGessing resources. 
This may be particularly true for reseachers at institutions with limited 
computer resources. The already financially troubled libraries may he 
another source of such new requests. In short, network access is likely 
to trigger very intensive trade-off decisions at individual colleges and 
uoiversities. 

In the larger political arena the privacy issue may affect the role and 
scope of hetworking. Although Congress has been prudent to date, 
legislation has been proposed that would seriously hamper the ability 
of Golleges and universities to undertake productive networkmg 
ietivities. Even though personal privacy issuei are not involved in the 
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network usas envisioned, wa must be prepared to protect against 
abuses. We must also rsGogniz© that privacy is a politically sensitive 
iisue, and thosa involved in networking at the national level must also 
be furiously involved with developments In legislation regarding 
privacy. 

There are also technological questions of role and scope for 
networks. The emergence of minclomputers and microcomputers as 
the most cost-effectiva meanstoaccomplish a variety of computing and 
Information processing needs Is self evident. Just as the hand-held 
calculators provide more power at less cost than the early time-she ring 
systems, small computers are taking care of a variety of more 
sophisticated problems that were formerly the province of large-scale 
systems. To some managers of large-scale computer resources, this 
appears as a threat, and in some eases, particularly in the short run, 
minicomputers do challenge the fiscal health of the large-scale center 
It is certain that minicomputers will be used in a subitantialpertiDnof 
computing activity even with the advent of large-scale connputer 
networking. There are some problems for which minicomputers and 
microcomputers are simply best suited in the currant computer prieing 
structure. Small time-sharing systems for programming represent a 
well-known example. Another example occurs in the use of small 
computers as supplementary laboratory instruments. Another less well 
recognisable phenomenon is the "number crunching" minicomputer 
system. In the Chemistry Department at Harvard there are a number of 
computer-based research experiments which require the procassing of 
large amounts of raw data with a variety of processorMntansiya 
algorithms. The algorithms are relatively stable; they do not change 
substantially from experiment to experimenf. The data processed is 
very large in volume, which discourages transmission by all but very 
large bandwidth communication systems. In such experiments there is 
no benefit from multi-programming, since the algorithm involved 
utilizes all available processor cycles. Only the condensed output of the 
minicomputer processor is fed to larger computer systems at MIT and 
Columbia for further processing. Hence, a dedicated minicomputer 
processor of sufficient power is Ideal for this role. \ri other cases, such 
as the Chemistry Depanment at the University of Caiifornia at Berkeley 
however, a highspeed minicomputer processor is used for both 
computational processes. In cases where such dedicated processors 
are appropriate, network access may play virtually no role. However, 
even limited access to a network as part of a hierarchical structure may 
ultimately be of great value for the reasons described earlier^ 
TRANSITION 

Another commitment which must be made is to the development of 
institutional understanding, at both executive and faculty levels of both 
the initial impact and the transitiona I effects of networking. Networking 
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□suaily mvolves changes m resource allocation decisions. This may 
rTiean increasing or decreasing the total amout of resources dedicated 
for computer access to allow for netvwork use It almost certainly means 
redistributing existing resources to allow for some network use. 
E5<amplesin which a significant redistribution and reallocation of funds 
used for computer resources were made include the development of 
the Triangle Universities Computation Center in North Carolina and* 
later, the divestment at Harvard of two major computing facilities in 
favor of purchasing outside services from MIT a nd other groups. Major 
shifts of this sort require careful evaluation and a firm commitment to 
dealing with the organizational and behavioral problems associated 
with moving from major in-house fesources to substantial reliance on 
ejttefnal computer resoufces. 

Another perspective of the transition prgblem will occur for those 
iristitutions that become suppliers in the network. Most institutions in 
the past have based cornputer resource planning almost eKclusively on 
in house needs Beginning in the 1960s, some institutions began 
acting as resources for networks in which other institutions were 
provided access to their computers. Most of this sharing took the form 
of regional STAR networks until the initiation of ARPANET. Even on a 
srnall scale, the decisions and the planning necessary to perform the 
supplier's role in this sharing function have altered the character of 
some computer resources substantially. It is necessary not only to plan 
well in the supplying institution but also to consider the needs of the 
outside group of institutions (the "market/' if you will). However. It can 
be of substantial benefit to both supplier and user. For example, in the 
Harvard MIT arrangement, MIT as the supplier of services is able to 
justify the use of an IBM 370/1 68. If it were not used by Harvard and 
other institutions, the hardware would be replaced by something on the 
level of an IBM 370/158. There is no doubt, on the basis of the 
quantitative data available, that this would adversely affect the cost and 
performance of MIT's service to all including its in-house customers. 
TiCHMOLOGICAU FACILITATION 

Another commiimerit which must be made concerns the 
development of facilitation mechanisms to deal with the vagaries of 
exposing nontechnical users to incompatible and idiDsynchratie 
technQlogical resources. These vaganes are matters of degree and can 
be overcome individually by a courageous and persistent user, 
Hovvever, there are a number of problems which should be resolved 
straightaway m order to make large-scale networking comfoftable for 
most computer users They include the following: 

] It is not a small matter to move a computer program from one 
computer system to another even when the computer systems are 
^'completely compatible." A translation facility to assist In 
ovarcoming eccer»tric differences in control and programming 
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languages will be useful for network usage. More standardization 
would b€ even better. 

2 Natw&rk pro;oeol§ for program execution and file transfer are 
different For exarTiple. ARPANET, the TELENET network and the 
TYMESHARE natwork require different types of computer termtnal 
interfacei as wall as host cortiputBr interfaces to the networks. With 
the estabiishment of other networks, this problem is now likely to 
become intensified. In addition, computer systems themselves 
require reniarkobly different formats for communications at the 
present time. At present, there is no alternative to the development of 
multiple interfaces. 

3. Log-In, start-up. and ecceLjnting functions typically differ for 
each computer system. Almost all computer systems are different in 
the presentation and requiraments of these data relative to individual 
computer usage. Adaptation mechanisms for these functions would 
significantly relieve the burden of the user In the network. 

4. Disseminating basic information about network resources 
including specialized facilities and services) will require ficilitating 
services Documentation, seminars and other traditional 
mechanisms must be adapted and refined. The network itself will be 
useful for this activity. A network file storage and retrieval system to 
assist in user consultation and eommunicatlon should be designed 
and developed, based perhaps on the distributed hierarchical 
structure pravlously described. Information of particular interest to 
each institution coLild be stored locally while a principal data bank 
would be maintiined for the whole network as well 

5. A facility to assist users in finding an appropriate computer 
resource for a specific problem will also be usefuL This "locater^' 
facility could help find compufar resources which meet certain 
criteria, such as price, response time, aceura^y. etc. 

There are undoubtedly numberDtJS other functions that will befound 
to be useful in this facilitating nnechaniim. Initial network usage can 
probably rely on bilateral arrangements between users and resources. 
However, most of them facilitating services will become mandatory if a 
network is to be useful to a variety of users. 



EDUCOM^S Role 

It has long been the conviction of those people most closely 
associated with EDUCOM that ccmputer networking on a national 
scale is both feasible and useful . It is my own conviction that EDUCOM 
should not only davejop computer networking in higher education but 
also provide leadership in the application of other types of computer 
and communications technology to the broader needs of universities 
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and colieges. We are now engaged in turning these convictions into 
aGtion= 

In 1973, we began to develop the idea of a Planning Council for 
Computing in Higher Education and Reseach, an idea conceived from 
the NSF^sponsored EDUCOM seminars on Computer Networking held 
at Airlie House. This idea has now been transformed into an action- 
oriented group of twenty-one institutions that have committed money 
and time over the next four years to provide a "critical mass^" for the 
development of national computer networking. The EDUCOM Planning 
Council is directed by James Emery and is governed by a Policy Board 
composed of senior university execuUves and a Technical Committee 
composed of senior computer scientists/administrators from the 
twenty-one member schools. Supporting grants have been received 
from the Ford Foundation, the Carnegie Corporation, and the Exxon 
Education Foundation. 

The Council is engaged in the development of both short-term and 
long'term networking activities. A prototype national network activity 
has already started with the objective of incrementally developing 
computer resource sharing. While building on the experience and 
capabilities of regional and state networks, the prototype EDUCOM 
network, EDUNET, will incorporate incrementally the benefits of 
related reseach and development activities. The embryonic version of 
EDUNiT was demonstrated at the 1975 Fall EDUCOM Conference in 
Portland, Oregon. In this demonstration, the communications facilities 
of Telenet Communications Corporation were used by conferees in 
Portland to access the MULTiCS and IBM 370/1 68 systems at MIT, the 
Dartmouth Time Sharing System at Dartmouth, the Bibliographic Data 
Service offered by the State University of New York, and a typical 
minicomputer configuration of the PRIME Computer Corporation 
located in Framingham, Massachusetts. The demonstration was 
eminently suceessf uL The next step in the development of the prototype 
network will be to encourage further biiateral resource sharing and to 
develop specific experiments in the use of EDUNET in a large number of 
academic disciplines. Some development has already begun in law and 
chemical engineering; further development will take place In statistics, 
economics, and numerous other disciplines, as well as in libraries, 
libraries. 

For the 'onger term, a network simulation and gaming project, funded 
by NSF, will develop techniques for dealing with the evaluation of the 
role and scope of networking as well as the transitional effects for 
individual institutions. Sixteen institutions, both large and small, are 
providing data and expertise in the development of the model. 
Moreover, the incremental development of the prototype EDUNET will 
provide an ongoing laboratory for model development and validation, 
Ultimately, it Is expected that individual institutions will be able to use 
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the model to assess the benefits and liabilities of networking and to 
develop specific plans for participating In EDUNET. 

The other divisions of EOUCOM will provide not only for the 
dlssernination of the beneficial results of Planning Council activities to 
the full EDUCOM memberehip but also for other technology-related 
activities. 

The IDUCOM Consulting Group, now under the direction of John 
Austin, will provide analysis and prescriptive services relating to the 
planning and use of computer and cominunications technology. The 
Consulting Group will use experts from EDUCOM member schools to 
supplement its staff in the development of consulting teams to address 
needs ranging from the use of networks to the role of minicomputers. A 
consultation on the use of minicomputers is now being completed. 
Recently, other consultations have been successfully completed 
relating to computing center organization, university management 
information systems, and other contemporary problems facing colleges 
and universities. 

iDUCOM can also act for the benefit of its members as an 
intermediary with suppliers of computer-related components and 
services. We have already completed two arrangements which will 
bring substantial price discounts to EDUCOM members. An agreement 
with PRIME Computer Corporation will provide for a 20% discount on 
PRIMi products and services to EDUCOM members. A similar 
arrangement with Data Dimensions, Inc., provides for a comparable 
discount on interactive computer terminals. We are currently working 
with other suppliers; Gene Kessler is directing this activity. 

Through EDUCOM conferences and publications, both basic and 
general information can be disseminated. The organization of special 
workshops and projects within EDUCOM, which has been begun by 
Bob Gillespie, is also a powerful alternative in exchanging useful 
information about specific computing activities. 

Finally, the IDUCOM Library will provide for the publication of 
computer-based technology. The basic idea istocreatea library of high- 
quality programs and data from a host of network resources that will be 
available through the EDUNET network. The library will be developed by 
and operated in conjunction with publishers of printed material to 
provide computer-based materials that will be useful in research and 
teaching. EDUCOM will operate and manage the library, provide for 
appropriate disciplinary review to maintain the quality of resources, 
and collect use fees and pay authors' royalties as well as render basic 
bibliographic services about the collection. 

Through these efforts it appears that some of EDUCOM's long-term 
goals can now begin to provide very tangible benefits to large and small 
schoois alike. Work of excellent quality may be found in many places. 
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i\ndi when it is found m computer-based form it should be developed and 
shared with others in higher education who would find it usefuL 
EDUCOM will now concantrrgte on putting these goals and concepts 
into action. 
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CHAPTER 3 

by Jame§ C. Emery 

Implementation of 
A Facilitating Network 



Introduction 

The advnnsages of computer resource shanng over a network have 
been discussed at length since the early sixties. A number of relativeiy 
specialized networks, such as ARPANET, have now been operational 
for several years What is missing, howaven is a general network 
avaiJable to all members of the higher education community. 

While conceptions about such a network have not changed 
subsfantially over the past decade, experience with existmg networks 
and the advances in technology during this period have given us a 
clearer picture of the likely characteristics of the network. There 
appears to be a growing consensus about the following points: 



• The Bxistence of a general network for higfier Bducatmn is no 
fonger in doubt; only its extent is still to be determined, With 
technological advances in common carrier communications, the 
sntry cost for an institution to Join a network is becoming low 
enough that primitive sharing arrangements can be established 
at any time a serious need arises. 

m Even in a mature network, most computing will be performed 
locally or regionally. The cost of hardware is dropping rapidly 
enough that it is ceasing to be a major factor in the economics of 
computation. The majority of users at an institution can usually 
be served with a fairly limited variety of software, and so the cost 
of providing standard software is not particularly significant. 
Most institutions will thefefore choose to pre ._ standard com- 
puting services at their own computer centrj or obtain them 
through a regional arrangement. 

• In all but a few quite specialized cases, hardware economies will 



— 25 — 

30 



26 IMPLEMENTAT!ON OF A FAClLlTATiNG NETWORK 



be the least Important motivation for developing a national 
network. Minicomputers can compete very well with the large 
machines for mostapplications.andany significant economies of 
scale for very large jobs can usually be exhausted by regional 
centers, A natponal network will be justified primarily for the 
purpose of sharing sofivvare and databases. 

• £ vert though network computing wiff constitute only a smaflpar! 
of the totaf computing within higher education — 20 percent 
would c.enamly be a very generous estimate — it will neverthe- 
less be an important part. The network can offer specialized 
services that would otherwise not be available or available only at 
a hpgh cost. 

• A mature network wil! develop over a long evo/uaonary period. 

Despite considerable justification for optimism, one should have no 
il/usfons aboui ihe drfficflties m rmpiementing a viable national 
network, A number of very difficult technical, economic, and 
administrative issues must be faced before a mature network becomes 
a reality 



Technsca! Issues 

It IS currently fashionabje to dismiss technical problems as the least 
formidable barrier to implementing a network. Current fechnology 
certainly permits a fairly sophisticated network, and Is unlikely 
seriously to hinder short-term development efforts. Nevertheiess, a 
number of difficulties still remain, and they will become more serious 
as attempts are made to expand the use and capabilities of the network. 
Among the most important are communications, security, and on-line 
user services. 

COMMUNICATIONS 

Considerable progress has been made over the past decade in 
feducing the cost and increasing the relfability of communications. 
Packet switching, in particular, appeF^s tooffer substantial advantages 
over previous technology. Its distance- independent price structure (I.e., 
price to the user is not a function of the distance transmitted), relatively 
low cost, and high reliability are especially important for a national 
network 

Two serious problems still remain, however. One of these is the 
difficulty of interfacing a wide variety of computers to a common 
communications network The other is the high cost of broadband 
transmission. These are appropriately viewed as primarily economic 
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limitations, and ar© therefore discussed in more detail in the next 
sectfon of this chapter, which deals with economic issues Suffice it to 
%BY here that rechmcal advances are stiii needed to bring down the cost 
nf network interfacing and high volume communication. 
biCURITY 

Current operating systems provide inadequate protection against 
malicious or unintentional access to system resources Although this 
limitation may be tolerable when only local users are served or when 
relatively insensitive data are maintained within the system, it is 
entirely unacceptable when serving remote users or when an 
application calls for a high degree of privacy. 

Until this situation is corrected, most institutions wiH choose not to 
maintain sensitive data on storage devices that are accessible to a 
network. Applications involving personnel or student records, detailed 
financial data, or other confidential information will thus be unlikely 
candidate?; for early irnplementation on a network, 

Another aspect of security is protection agamst unauthorized use of 
network resources. When a university provides its own computing 
services, its total financial risk is hmited to the es^penses of ru ming the 
computer center. In the case of a network, an institution's potential 
consumption of resources could be virtually unlimited. The ir^stitution 
must tharnfore have assurance that it can control the charges that will 
be levied against its accounts. It is not enough merely to protect against 
unauthorized users; controls must also be provided so that an 
institution can set limits on such things as its total expenditures, the 
particular resources that can be accessed by a given class of its 
members (students might have different restrictions than faculty, for 
example), the maximum priority level permitted by each user class, and 
the time of the day at which certain resources can be used. 
ON LINi USER SiRViCiS 

The provision of services to aid remote users isa critical requirement 
for widespread computer sharing. To keep costs reasonable, a national 
network will probably have to rely fairly heavily on automatic user aids, 
rather than person-to-person consultation. Included in such services 
are on-line reirieval of information about available resources and 
computer-assisted training aids. Both of these present difficult 
technical problems. The ctassification and indexing of cgmputing 
resources and the developmenl of retrieval procedures requires 
considerable further research A great deal of effort will also 
required to develop computef assisted instruction aids for training 
remote users how to use a computing service and how to correct 
program bugs if difficulttes arise 

Boonomic Issues 

Although some technical problems cannot cyrrently be solved 
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satisfactorily at any cost (security, for exampleK most mem ars 
viewed as problems because the cost of performing a given function is 
greater than its perceived value. Communications is a pr^me gximple. 
The technology avaHable a number of years ago could have prowided 
adequate communications to support a network, but only rf cansly have 
tachnicai advances lowered costs to the point that nt^tmirks r^ave 
become economically feasible for fairly general use wmm hrghaf 
education. A number of economic Issues of this sort will cloar5y have ^ 
major impact on the, design and use of a network. 
LARGE Vf RSUe SMALL COMPUTERS 

Ei^onomies of scale m computer hardware have traditionally been 
one of the primary justifications for concentrating a variety of 
computing functions into a single large central prof essor Although this 
argument still holds for certain vory large ^ number crunching ' jobs 
found m such fields as physics and meteorology, for the most part 
hardxvare economies of scale are becoming less and less significant. 

For one thmg, the cost of the central processor as a fraction of total 
computing costs is shrinking rapidly. In the early days of computing, the 
central processor typmally contnbuted over tvwo-thirds of the total cost; 
now it may be as low as ten percent or less. As advances continue in 
integrated circuit technology, the cost of the central processor is 
becoming almost negligible for most applications. 

A second reason for the rediiced significance of hardware is the 
availabMity of powerful yet low-cost mimcomputers. The cost- 
effectivaness of minicomputers stems from several causes: 

• Economies of scale in the high^vo/unie manufacture of mini- 
computBrs offset intrinsic economies of scale in the operation of 
electronic devices. 

• MinicomputBrs generally offer somewhat limited capabilities 
compared to large conventional machines, permitting the vendor 
to use off-the-shelf hardware components and to reduce soft- 
ware davelopment costs. 

• Minicompuwr vendors typically do not offer a full range of on site 
customer services, allowing them to lower their costs of market- 
ing and technical suoport in the field, 

• Minicornputers have a relatively short design and production 
cycle because of their simplicity, which permits designers to take 
advantage of mora recent technology than is possible for the very 
large machines. With teGhnajogy advancing by an order of magnr 
tud© every five years or so, even a year's advantage can b© 
signifieant. 
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• Less cannal is required to enter the mjntc orr^puiBr industry than 
i% needed by conventional computer vendors This has resulted m 
a large nurriber of competitors and strong incentsves to keep 
prices low. 

# Mtnicompute'' vendors tend to introduce technical advances o.:. 
quickty as they can, because of competitive pressures and the 
modest-siied base of 'eased equipment. 

Although computer hardware no longer exhibits economies of scale 
for rTiany appUcations. economies m su^r.^/^ire and operating cosh may 
stfll offer substantial benefits from sfianng nmong many users= For a 
given variety of services, the costs of maintaining software and running 
the computer center are much the same regardless of the size of the 
computer. A centralized center permits spreading these costs over a 
larger number of users, and thus can provide substantia! economies. As 
hardware costs contmue to decline, economies in software 
deve'opment and maintenance == including associated user services 
such as docufftHntation and irammg will tend to dominate other 
factors. 

Because of the hardware economies offered by minicomputers, and 
^he software and operating economies offered by large centralized 
facilitjes, both vvii! exist in a network environment Minicomputers are 
likely to proliferate at the local level while the large centers will serve 
regional or national populations 
GiNlRAUZiD ViRSUS -SPfClAUZiD SYSTEMS 

Large computers normally offer a wide range of generalized services 
m order to attract a large number of users, expand the computational 
load, and take advantage of any economi^?s of scale. On the other hand, 
increasing the generality of a computer center adds to the costs of 
software development and maintenance, overhead m managing 
system resources, operating inefficiences of generalized programs, and 
providing user training and consulting. The user may also bear extra 
personal costs in coping with the mhospitality of some large computer 
centers and overcoming the frustrations of locating and using a specific 
service among the full range of services available. 

These added costs of generality often benefit a relatively small 
proportion of users, A majority tend to use a very limited set of system 
softvyare, such as a debugging Fortran compiler, an optimizing Fortran 
compiler, a Cobol compiler, and a few statistical programs. It is not 
uncommon to find, for example, that half of the users at an institution 
can be served by about 10 percent of the computer center's program 
librafy, while the least used half of the programsserves only lOpercent 
of the users 

The availability of a network allows an institution to provide verycost^ 
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effecr/ve services for the standard usvrs by means of mmicofnputfe/ri. or 
an austere conventsonal computer operation, spBcialized services nrt 
^^v;iM<ib!e locailv can then be obtained frofn tfie network The specialized 
center benefits from a network by dravving on a larger user populatron 
and thus achieving both economies of specialisation and econorTiies of 
scale 

The issue of generalization versus specialization is clDseiy related to 
the question of standardization Trivial differences aniong programs are 
frequentry the source of much of the variation in services that a center 
must offer Two different statistical packages, for example, may 
perform essentially the same function, but the center may feel obliged 
to Oifer iherii butf i S s fru la riy. a ct+ntt-f rniyiit of ter d var .eiy of languages 
that overlap one another substantiany A center serving separate 
mstifutions or decentralized departments might have to maintain a 
variety of such application programs as payroll, personnel student 
registration ancj accounting. Alihoug|-i standardization on a limited set 
of services permits tfie center to reduce costs, it does so at the expense 
of the user who has to convert to the standardized service or live with a 
servtce ihm does not meet his needs ve^v well 
COMMUNICATION COSTS 

Advances in packet switching technoloyv over the past few^ years has 
sign-ficantly lowered the cost of communif\niions For example, a user 
located in a rnajor city who wishes to access remote services from a 
keyboard termmal would currently pay about S2 per ^c?ur for 
communications, accountmg for 5 to 25 percent of the total cost of 
computing 

AS one moves away from major popuiation centers, however, the cost 
of a leased line or diaKup casl to the nearest entry node to the network 
becomes more and more significant. We can expect that the number of 
entry nodes will grow rapidly over the next few years, and so this 
problem will become less important. Nevertheless, it will probably 
always be relatively expensive to serve the user in thmly populated 
area£^ (at least until communications satellites permit inexpensive 
broadcast transmissjon to far^lung locations). 

The transfer of large files or documentsdn a bibliographjc system, for 
example) is still prohibitively expensive except m cases in which 
urgency is a major factor Facsimile and video transmissions are also 
currently too expensive for broad application within higher education. 
These costs wjM no doubt dimmish over the next decade, thus 
permitting a wider range of applications that call for high -volume 
communications There will always remain, however, applications that 
are uneconomical for network computing because of the volume of 
communication that v^ould be required. 

An economic issue of current importance Is the cost of mterfacmg a 
host computer to a netvvork This can be achieved by modifying the 
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Operating system of the host compute^, through a programmable front = 
end, Of by means of a minicomputer^ Iri any case, the cost can be 
considerable -= perhaps S5,000 to SSO.OOO. Over the course of a few 
years' use of a network connection this would add only a relatively 
small portion to the total cost of providing computing services= 
Nevertheless, the initial cost is large enough to discourage some 
institutions from joinmg a network Technical advances that lower the 
entry fee for hnking to a network will greatly encourage experimental or 
casual sharing of network resources 
COSTS OF SERVING RiMOTE USERS 

A serious inhibitor of network computing is thf» lack of services to 
support remote users, such St^rvices might mciude. 

• Local consutiaats who are knowledgeable about servjces 
available over the network. 

• "Cifcutt riders" who period icsily visit remote sites. 

# Remote corisufttng servic&s provided over a "hoi line" or by 
means of an "electroriic mailbox. ' 

• High quality doeurnentaiion designed to serve the independent 
remote user. 

* ComputBr- assisted training aids. 

# On fine information retrieval systems to assist users in matching 
remote services to their needs. 



Most university computer centers do not provide extensive user 
services. Instead, they raly heavily on knowiedgable faculty or students 
who can assist new users. Although this approach may work 
Satisfactorily when dealing with local users, it is entirely Inadequate 
when dealing with remote users who do not have access to someone 
having experience with the service they wish to use. 

Commercial firms in the business of providing remote computing 
services typically provide more comprehensive user services than 
university computing centsrs. Many firms spend 25 percent or more of 
thefr sales revenue on user services. The largest firms maintain a 
nationwide sales and technical staff to assist users. Few university 
corripuiBr canters would be able to spend at such a level, but they will 
certainly have to increase their efforts if a national network is to be 
achieved. 
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NiTWORK OVERHEAD 

Shanng of any resource entails some overhead cost. Network 
shartng calls for such servicesas locating a remote computing resource 
that satisfies a user need, mstructmg the user how to use the resource, 
accounting and reponmg associated with remote computing, 
contracting with users and suppliers, and other netv^ork administration 
functions At least some of these services are required vwhether the 
computing is local or remote, but mcreasmg the geographical 
dispersion of us^rs inevitably results in some additional overhead 
costs. Because pyramiding of overhead costs .it the locaL regional, and 
national levels increases the cost of a given resource, institutions will 
generally conf me their use of a neiv^ofk !- those resources that show a 
clear advantage when shared among a regtonal or national population. 



Administrative Issues 

Admmistrative issues are among the most important ones facmg the 
rmplementors of a national network. Gnvernance of the network and 
improved mcentsves for users and suppliers must be established before 
widespread sharmg will take place; certain iegai and regulatory 
problems must also be solved The use of a network will conflict in part 
with established practices, and will therefore require overcoming 
inertiaVentrenched positions, and well understood ways of obtaming 
computing services. It is likely that administrative problems, rather than 
technicai or economic considerations, will pace the development of a 
national netwofk for higher education 
GOViRNANCi OF THI NETWORK 

Colleges and universittes m this country remain largely autonomous, 
and show no rnteniionof weakening this autonomy in a quest for real or 
imagined computing efficiency Although some states have been 
moving m the direction of statewide centralized networks, most 
educational mstiiutions have joined only with the strong proddmg of 
legislative committees or state boards of highr education. 

This experience strongly suggests that a successful national network 
for higher education must be largely decentralized. Each institution 
should be allowed to decide on ris own whether it will join the network, 
it should be able to choose wh;ch services it will sell to others and which 
services it will buy. An institution should also be free to set prices and 
the quality of services it provides to others. 

Although decision making will be largely deceniralized, certain 
"facilitating" functions are best handled centrally. Included in such 
functions are bIMing and reporting, developing Mandards and security 
procedures, contracting with vendors, and providing network-wide 
user services. Some sort of national network organization will be 
necessary to provide these centralized facilitating services. 



37 



jMPLEMENTATlON OF A FACILiTATlNG NEm^ORK 33 



The Planning CouncU on Computing in Education and Research is 
currently servmg m the role of coordinator for the deveiopm^ of 3 
national facilitating network Established officially m July 1974. the 
Councii now consists of the following 21 member institutions: 



University of Cahforma 

California State University and Colleges 

Carneg'e-Menon University 

Case VA/estern Reserve University 

The University of Chicago 

Dartmouth College 

Harvard University 

Uriiversity of niinois 

Lehigh University 

Massachusetts Institute of TechnQlugy 

University of Mmnesota 

University of North Carolina 

University of Notre Dame 

University of Pennsyivania 

Princeton University 

Stanford University 

State University of New York 

University of Texas 

University of Utah 

University of Wisconsin 

Yale University 

The Council governed by a Policy Board consisting of a senior 
eKacutive from each of the participating universities. ^ "^^^""^^^ 
Committee, composed of a senior compufer rrmnagar from aaah 
member Institution, serves m an advisory capacity. Thisarrangement is 
Droving to be an effective way of obtaining participation from the 
educational community. Inputs have also been obtained from regional 
and statewide networks, vendors, the government, and other 

interested parties. ^q-jq 
Its charter limits the Planning Council to a m of five years. By 1 979 
the Council is expected to decide wheihar a permanent organization ,s 
required and if so. what form it should take. Any such organization wiM 
clearly have to provide a governance mechanism that will insure broad 
representation among educational msiitutions and classes of users. 

INCfNTlViS FOR SHARING . ^ 

One of the serious problems that lim.ts growth of network computing 
is the lack of strong incentives to encouage ^^^^^Q ^ '"^f 
missing for both buyer and seller of services, and at the level of both the 



38 



34 iMPLEMENTATiON OF A FACILITATINQ NETWORK 



mdividuai user and the institution. Furthermore, the probiem tends to 
feed on itself: lack of incentives to use shared resources reduces the 
incentive for Suppners to improve their services, which in turn further 
reduces the mcentives for usei's. 

Users often resist sharing of resources because of the frustrations 
involved. Because prograrns and databases are often not well 
documented and carefully debugged, they are very difficult to use. Lack 
of consulting services to aid the new user, as well as the long time 
delays typjcaMy required to serve remote users, have further hindered 
the sharing of resources. 

Most institutions are quite reluctant to see their faculty, students, 
and staff spend money to buy remote services even if a remote service is 
priced inv*/er than a similar service offered by the institution's own 
computer center. An external purchase requires ''real" money, while 
the cost of providing local service is largely fixed and therefore does not 
impose signsficant mcremental cost in the short run. For this reason, 
some institutions may insist on restricting external purchases by their 
own members to a rate of growth that approjiimately matches the 
growth in revenue from their network sales (thus keeping their net 
"balance of payments'* from network activities within fairly small 
limits}. To some extent, network purchases by an institution can result 
in offsetting savings (or avoided cost increases) in the "fixed costs" at 
its own computer center, but these savings can usually be realized only 
over an extended transition period asequipment becomes obsolete and 
parsonnal attrition takes place. 

Potential suppliers of network resources face disincentives similar to 
those that apply to the buyer. Faculty members and other individuals 
who create programs and data bases are typically not rewarded 
financially when their programs are used by others. Professional 
rewards, such as those sssociated with the publication of a paper in a 
prestige journal, are rarely accorded the creators of widely used 
softwa^'e, 

institutions also lack strong incentives as suppliers. Although a 
university might welcorna additional revenue from external users, the 
financial gain may not be sufficient to justify the considerable 
additional management effort that serving such an expanded 
poputation might entail Faculty and students served by the canter may 
resent the Intrusion of outside users, even whan the additional revenue 
allows the center to lower its unit prices or provide additional net 
capacity. Serving outside users also requires that a university assume 
some additional risks, such as uncertainty regarding the level of 
external income and the expenses of providing remote user services. 
All of these disincentives are collectively strong enough that many 
institutions choose not to become suppliers of service, except perhaps 
as a minor and incidental adjunct fo their internal computing activities. 
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The creation of a nationai facilitatmg network is iikely to increase 
substantially the incentives for both buyers and sellers. As the market 
grovvs, suppliers will be motivated to rmprove their user services, this, 
m turn, will encourage greater use^ As a routme part of the regular 
BCCL jnting system, faculty and staff members could be rewarded 
through royalty paymerits for use of the software or databases they 
create. With the completejy documented usage that the system would 
provide, creators of widely used programs coufd receive appropriate 
profassional recognition for their contributtons (m fact, with much 
better authentication than is possible with a journal article) 

Many of the existing disincentives for sharing will be reduced w^th 
the development a network. Fast response available over a network 
Will eliminate the frustratmg delays currently experienced by remote 
users who attempt to share by shipping reels of tape or decks of cards. 
Faculty and students will have less cause for resenting eKternal users if 
they are theiTiselves servf^d in part by remote computer centers. To the 
extent that the facilitatErt^ rsetwork organization assumes some of the 
marketing and user service functions, a supplying insiitution will have 
less reason to avoid serving externa I users. All of these factors are likely 
to overcome many of the difficuUies that have been experienced in the 
past when trying to share cofTtputing resources. 
PRICING OF NlTyVORK SERVICES 

Because the proposed facilitatirig network will rely primarily on 
market mechanisms to provide incentives and allocate network 
resources, prices will play a critical role in governing the behavior of the 
network. Information about the services available, along with their 
price and quality, could be made available to prospective users as part of 
the facilitating servicas. Prices couid be adjusted as rapidly as thought 
desirable in response to shifts in supply and demand. Thus, the network 
potentially can provide a very effective market mechanism for 
allocating resources and promoting effif^iency 

A free market of this sort does, how^^fver, raise some very difficult 
questions: 

# What effect would unregulated pricing have on the stability of a 
network and the willingness of buyers and sellers to commit 
themselves to a long-term dependence on the network? 

# Would unregulated competition lead to the domination of the net- 
work by a few large suppliers (and, if so, would this necessa rily be 
undesirable}? 

# To what extent do various government regulations against 
*'descriminatory" pricing constrain suppliers from adjusting 
prices in response to market forces? 
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• To what extent would it be desirable to impose such quasi- 
prfce mechanisms as tariffs, quotas, anti-dumping and anti-trust 
regulations, constraints against "cut-throat" competition, and 
the like? 

Much of the complexity of pricing and market regulation in a network 
environment stems from the cost structure of computing: most costs 
are fixed in the short run, with only a relatively small porportion variable 
with respect to the volume of computing. This provides a strong 
incentive for computer center management to boost volume during Idle 
periods and postpone delivery of less urgent services during peak 
periods. Price discounts can often induce users to take advantage of 
periods of excess capacity or to accept low-priority service. Price and 
service incentives can also motivate a user to guarantee a certain level 
of revenue to the supplier, thus transferring to the user some of the 
fixed costs of providing capacity on his behalf. 

Pricing policies should recognlie the different attitudes various users 
and suppliers have regarding the risk they are willing to bear and the 
quality of service they are willing to accept. The network facilitating 
function should therefore provide a variety of pricing schemes, such as 
the following: 

• Differential prices for different levels of priority. 

• Differential prices for peak versus off-peak time periods. 

• Both long-term contracts and "spot" sales (i.e., with no advanced 
commitment). 

• Both a fixed monthly charge (with perhaps a low per-use 
incremental charge) and a full-cost charge for each service 
rendered/ 

• Charges based on information outputs (e.g., number of students 
registered) as well as computing resource inputs (e.g.. CPU, 
storage, etc.). 

A special problem facing the network organization is the method of 
charging for facilitating services. Here, too, a variety of options exist; 

• A fixed membership charge, which entitles the user to all of the 
facilitation services. 

• "Bundled" prices. In which the charges for facilitation services 
are included in the genera I rate for computer services (possibly as 
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a payment by the supplier to the network organization, with no 
additional cost borne directly by the user). 

Completely unbundled prices, in which each faci' ition service 
is charged for on a perfuse basis. 



BUDGETING FOR NiTWORK SERVICfS 

The procedure by which an institution budgets for computing is likely 
to have an important effect on the users' ability to obtain sf rvicasover a 
network Under the conventional centralized procedure, an institution s 
aggregate computing capacity Is allocated by distributing to users non= 
discretionary ^computing dollars" - i.e. funds that can only be used to 
buy computing services at the local computer center. This scheme 
makes it possible for the institution to put a known limit on its total 
expenditures for computing. The user, however, is denied discretion as 
to where he obtains computer services - or. indeed, whether he 
spends the funds for activities other than computing (e.g., hiring an 
extra research assistant). Furthermore, under this centralized 
procedure computer center management Is not subjected to the test of 
a free.market, and therefore may not remain fully responsive to users 

"^Aran alternative procedure, all funds can be budgeted throu^^h 
regular organizational channels. The chemistry department, for 
example could be budgeted at a level adequate to support its necessary 
activities. Including computing. The department must then decide how 
much should be spent for computing services and from what sources 
they should be obtained. Network services or the acquisition of a 
dedicated minicomputer might both be considered as alternatives to 
purchasing from the institution's central facility. 

The disadvantage of such decentralization is that it exposes the 
computer center to an unpredictable level of revenue from users. To 
deal with this uncertain market, the center should periodically adjust its 
capacity to bring expenses in line with revenues.The institution as a 
whole must balance its budget in the face of some uncertainty, and so 
there is no justification to Insulate computing activities from a similar 
discipline. 

in order to mitigate short-term fluctuations In revenge, an institution 
could require users to enter long-term arrangements- one year. say = 
for the amount of computing they wish to obtain. The computer center 
could then rely on this level of support, and adjust its capacity 
accordingly It should have the option, however, of retaining some 
^^excess'^ capacity to meet the demands from unguaranteed spot 
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LiOAL AND RfGULATORY ISSUES 

One of the haunting uncartainties about a national network is the 
©xtent fo whioh governmental restrictions will limits its usefulness. 
Possible problems include the following: 

^ ThB InternBl Revenue Service often takes a narrow point of view 
in ass&ssing rBvenue sources of tax-exempt organiiations. The 
tax status of revenue obtained from network customers Is by no 
means clear, particularly if the service being sold can be inter- 
preted as not being central to the educational mission of the insti- 
tution. The problem may be especially troublesome for the faci- 
litating network organization that must sustain itself through the 
revenues it obtains from the services it renders. 

• Constraints on pricing imposed by government contracting 
r&gufations coutd restrict a computer center from adjusting its 
rates in response to changes in supply and demand for services. 
For example, a price discount for low priority off-peak service 
might be viewed as denymg the government the most favorable 
price if some of the government computing is done at the regular 
rate. 

• Subsidized government computer centers may intiibit ttie play 
of a free market for computing services. If a university researcher 
has access to a government computer center at a subsidiEed rate 
that might not include any charge for the original cost of 
purchased equipment, the university's own computer center or 
other alternative sources of computing cannot compete en an 
equal basis. The government center is not tested in the market 
place, and might thereby exist and prosper even If It does not 
serve users* needs very well. 



Approach to Implementation 

The development of a facilitating network is obviously a major 
undertaking^ The eventual form of the network, and the extent of its 
use. are still open questions. Given the environment in which the 
network will be developed and operated, the following assumptions 
appear to be reasonable. 



• Once de veloped, the network m ust be financially SBlf-supp orting. 
Even much of the development cost might have to come from 
prospective users of the network, although financial aid from 
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government agencias and private foundations would certainly 
accelerate the development process. 

• Network usage is likely to grow at a steady and fairly rapid rate, 
but at no point will there occur a sudden surge m growth. A rela- 
tively long transition to a network environment is required for 
byyers to gain experience with network services, institutions to 
adjust their internal capacities in conformity with changes in 
demand patterns, suppliers to develop more powerful aids for 
assisting remote users, and the facilitating mechanism to 
mature. 

• The network must evolve gradually, rather than be irDplemented 
ina"firmr version in one major step. To adapt to changing ne'ids 
and technology, the design at each stage of implempntation 
should be kept as open-ended as possible. Large f iKed costs, such 
as those that would be required to develop and operate a packet 
switching network, should be avoided; to the extent possible, 
costs should be incurred in proportion to the level of network 
activity (for example, by purchasing communication services 
from a packet switching common carrier). 

iDUCOM is developing a network along two complementary paths. 
Over the short term, efforts at the Planning Council on Computing in 
Education and Research are being focused on developing a prototype 
network in order to gain some early operating experience. In parallel 
with this activity, EDUCOM is engaged in a research project to develop 
a network simulation program as a means of gaining more fundamental 
knowledge of network behavior. 
PROTOTYPE NETOORK 

The availability of common carrier packet switching services makes it 
relatively easy to connect terminals t nd host computers. The Planning 
Council intends to encourage universi\^es to connect their computers to 
a common carrier network in order to nr ake services available to remote 
users. The fixed cost of connection is around il.OOO per month, not 
including the mitial mterface cost. The variable cost of actual use tends 
to be quite low = around i.SO per hour on an interactive terminal, for 
example. After studying the two available packet switching networks, 
the Council concluded that Telenet Communications Corporatic^n 
currently offers the most attractive prospect of serving the needs of the 
facilitating network. 

The prototype network will give its members e?e.perience in serving 
remote users, as well as some early benefits of resource sharing. The 
fnsights gained will be very useful in developing a more mature 
facilitating network In a number of ways, however, the prototype 
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network will differ significantiy from the expected eventual network: 

• The prototype network will involve primarily bilateral relation- 
ships between buyer and seller. For example, the assignment of 
user numbers, billing, and user services will all be handled 
directly between the two parties. In the eventual network, the 
facilitating organiiation is expected to handle many of these 
functions on a multilateral basis, obviating the need for a 
separate relationship for each buyar-seller pair. 

• User services will be limited to those cureritiy offered by each 
separate network supplier. Since most suppliers currentiy deal 
only with local users, their user sirvices are inadequate to serve 
remote users. In the eventual faclfitating network, a variety of 
services will be developed to serve the needs of remote users 
(with the important by-product of Improving the services avail- 
able to local users). 

• Eacfi user of tf)& prototype network must learn special procedures 
specific to each host computer he wishes to access. In the even- 
tual network, some standardization may be possible, thus permit- 
ting a user to access a variety of standard services using a single 
protocoL 

• The prototype network will be limited to a relBtively few large 
users, because of the primitive facilitating services offered, Even- 
tyally, as a richer variety of user services are developed, the 
facilitating network is expected to serve a variety of users who 
cover the full spectrum of computing sophistication. 

An important part of the Planning Council's efforts to develop the 
prototype network is a program to investigate the special needs of 
various academic disciplines. The intention is to bring togethar 
representatives of several disciplines to determine how a network 
might best serve their needs. An emphasis is being placed on providing 
each discipline with network services at a relatively early date. The 
expereince gained will be very helpful ingetting a better understanding 
of the common needs that cross disciplines, as well as serving the 
unique needs of each discipline. Among the disciplines that have 
expressed an interest in participating in the project are chemical 
engineering, law. medical education, statistics, political science, 
economics, social science, and psychology. 

SIMULATION PROJiCT 

The protoiyp© network will be relatively limited In scope and Is aimed 
at providing short^erm benefits. Although the experience gained will 
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be very useful in understanding fundamental network behavior, this Is 
by no means its primary purpose. Tof ill this gap. f DUCOM is engaged in 
a longer-term proJeGt to simulate an interuniverslty computing 
network. The objective is to gain insight into buyer and seller behavior 
in a network environment. Special attention is being given to such 
issues as pricing and budgeting procedures, the dynamics of network 
traffic flow, balance of payment problems, reporting on network usage, 
user attitude about network services, and the response of 
admmistators to network alternatives. 

The first year of the project has been funded by the National Science 
Foundation, and further funding is expected for twoadditlonalyears. In 
the first phase, which will be complete early in 1 976, a rough model of a 
network will be developed. The model deals in relatively aggregate 
types of services, and has a time increment of one week (although this 
could be changed easily if a finer or coarser increment turns out to be 
approprfate); In particular, the model does not consider Individual jobs 
as they flow through the network. Typical services considered within 
the model are small student Fortran programs, batch processed 
statistical programs, and Interactive editing. The model will produce a 
complete weekly traffic analysis (or at a specified longer time interval If 
weekly details are not needed). Included in the reports will be such 
information as dollar expenditures broken down by buyer and seller, 
average response times at each host computer, and speGial analyses 
showing trends and any "exceptions" that occurred (such as a center's 
loss of revenue because of excessive response time). 

The simulation program is being written in Fortran, with the intent to 
make It as transportable as possible. Concepts of structured 
programming are being followed so that the model can be eKtended and 
modified during the course of its development. This flajcibllity will alio 
permit Individual institutions to adapt the model to their special needs. 

The second phase of the project will be devoted to tailoring the model 
to each of 16 institutions that are participating in the study. The 
following institutions are included: 

Bryn Mawr College 
Camegle-Mellon University 
University of Chicago 
Dartmouth College 
University of Georgia 
Harvard University 
University of Iowa 
Lehigh University 

Massachusetts Institute of Technology 
National Bureau of fconomie Research, Inc. 
Ohio State University 
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University of PennSYlvania 
Stanford Research Institute 
Stanfora University 
Texas Tech University 
Univefsity of Texas ^ 

Tailoring the model to an Institution requires collecting data about the 
institution and then fitting a set of the moders parameters to the data. 
In some cases the model will have to be modified to accommodate 
unforeseen needs. Included in the data being collected are the 
hardware and software available at the institution, the institution's 
policies regarding external sales and purchases, and the types of 
services that might be purchased over a network. 

In the third and final phase, the model will be used in a gaming mode. 
Each institution will be representad by a senior administrator with 
general policy-making responsibilities, as well as the head of campus 
computing. The participants will make various policy decisions as the 
model moves through simulated time, and can change any of their 
policies as simulated resultsare presented tothem.Thepurpose of this 
gaming phase Is to gain an understanding of how policy decisions are 
likely to be made in a network environment. 

Based on experience gained from the prototype network and the 
knowledge acquired from the simulation study, the Planning Council 
will prepare detailed recommendations regarding the implementation 
of a national facilitating network. These two parallel efforts have 
already begun to complement one another. Benchmark studies 
conducted as part of the simulation project have been useful In 
developing plans for the prototype network; similarly, results from the 
prototype network will be incorporated into the simulation model 



Conclusions 

It is difficult at this Stage to predict the exact characteristics of a 
national facilitating network. Each advance In coinputer or 
communications technology may call for changes In the network. With 
so little network experlance within higher education, the attitudes and 
needs of buyers and sellers are bound to change as the network 
matures. The Important thing is to keep the design adaptive so that the 
network can evolve in the most useful way. 

Despite the uncertainty surrounding the network, it is nevertheless 
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possible to make some assertions about its likely characteristics. The 
eventual network is expected to be: 

• Highly decentraliiBd, with decisions regarding supply, 
purchases, and pricing made largely by autonomous institutions. 

• FunctionBlly distributBd, with each supplier tending to specialiie 
in a relatively few areas that exploit its comparative advantages. 

• Operated through a cmntraliiBd faulitating organiiation that 
performs those functions inherently raquiring coordination 
across multiple buyers and sellers. 

• Part of & hierarchica/ system consisting of local, regional, and 
national computing services. 

• Focused on offering reMveiy spaa ia Hied resources, rather than 
the more standard services that can be more econQmieally pro- 
vided by local or regional centers, 

The availability of a national network will offer new opportunities to 
educational institutions. An Individual institution might respond in a 
number of alternative ways. Some will choose to remain apart from the 
network, attempting to offer a fairly complete range of services for their 
local users. Others may choose to become almost completely 
dependent on the network, and not maintain any local computing 
capacity except for terminals of modest "intelligence". Still others will 
follow a hybrid strategy, meeting most of their local demands with local 
computers, but buying specialiiad services that they do not maintain 
themselves and selling services in which they specialize. 
* The two most likely strategies appearto be either total dependence or 
the hybrid approach. Small institutions, in panicular, may prefer to rid 
themselves altogether of the responsibility of operating a computer 
center; the availability of a network makes this a feasible alternative. 
Most colleges and universities will undoubtedly find it cost-effective to 
meet standard demands with their own computer center or a 
multiplicity of minicomputers, but the ability to obtain specialized 
resources from a network will relieve these institutions of many of the 
headaches and costs associated with a fulhservice center. They will 
find it attractive to sell their own specialized services, both from the 
standpoint of making a professional contribution and as a way of raising 
revenue to solve their balance of payments problems. 

Probably the least defensible strategy for an institution is to ignore 
the network altogether. The benefits of at least limited sharing will be 
great enough, and the incremental cost will be low enough, that no 
institution should attempt to remain self-sufficient in the traditional 
manner. 



48 



CHAPTER 4 



by David E. Winkel 



Planning for 

New Technology In 

Distributed Coniputing 



Pradicting the course tachnology will follow in the Gomputer field is 
hazardous at best. This task can be approached by looking at three 
areas; 

• Presently available front edge computer systems 

• Presently available front edge eompuier components (integrated 
circuits, etc.) 

• New technologies currently in advanced laboratory research and 
development 

The Impact of Available Computer Systems 

A surprising range of advanced systems are now available which wril 
take some time to be absorbed into the university computer milieu. The 
time scale for absorption wvill vary from campus to campus but is on the 
order of 1 =2 years The computers mentioned beloware not necessarily 
the most advanced in each category Chosen simply because the author 
is familiar with them, they illustrate some advanced technologies. 

Microdata RiAUrv This system has been optimizedforfile handling 
by jneorporating much of the operating system primitive software in 
firmware. The system is a time-shared virtual memory machine with a 
virtual address space available to each user of 6.4 x 10^ bytes. The 
system will support 32 simultaneous users. All page faults, terminal 
handling, search to delimeters. and so on are microcoded and supplied 
as part of the hardware by the manufacturer, 

A software system is supplied which is largely tailored for data 
processing applications, Such processes as file updating, information 
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retrieval, report generation, sortrng, and so on are almost trivial. Thef lie 
language is simple enough to allow end users to do most of their own 
report generation thereby relieving the computer center of much 
routine programming: All of these things can be achieved if 
programmers dan be persuaded to give up COBOL and their traditional 
way of doing things The entire systefTi is implemented on an 8 bit 
minicomputer. 

High Speed 32 Bit Minicomputers, Systems presently available are 
the Interdata SiL^32, and the MODCOMP IV. Thirty-two bit 

systems can be expected in the near future from most miriicomputer 
manufacturers which will be able to impact university computing 
centers because of their raw computing power. The fastest CPU *S in the 
above group are roughly equal to ari IBM 370-158. Memory capacities 
and speeds are also equivalent to the 1 58 Prices are remarkably lov\>; 
one of the above machines with one MB of memory (no peripherals) 
sells for i 1 80,000 The low price implies that something will be lacking 
compared to an IBM 370 158. That something is software. 
Nonetheless, a machine with a good FORTRAN compiler only, coupled 
with raw speed can supply a good portion of the campus computing 
power. The challenge rs to mtegrate it sensibly into the computing 
complex. 

16 Bit MinicQmpuiefs. These systems have benefited from recent 
technology As a result prices have decreased or performance has 
improved. These systems also tend to have better software than the 32 
bit systems because they have been around longer. 

Summary. Near term (1-2 year) development of computing will 
depend on presently available computer systems. Real opportunities 
e?tist for innovative approaches based on these systems which can 
permanently alter the way a campus does its computing. 

Admrnistrative data processing is one area that can well be 
revolutionized With archaic designs and procedures typical in many 
data processing operations, minicomputer based systems maybe the 
only tool a manager has for breathing new life into a data processing 
organization. The standard COBOL world can be transferred to a mini at 
considerabla cost savings, but the distribution of computer power to the 
end user will be the real revolution. If users can generate individual 
reports, maintain data bases, etc., they will not bother the computing 
center with these tasks. The computing center can then concentrate on 
systems design and implementation. At the University of Wyoming this 
approach has increased data processing programmer productivity five 
fold. 

New systems challenge academic computing in more profound ways. 
In the past minicomputers have proliferated on campus for a variety of 
reasons ^ some valid, some not. However, these systems did not pose 
a fundamental chaHenge to campus computing because of their limited 
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power. The situation is somewhat analogous to a proliferation of 
typewriters. No one worries about it. However, when the item bsing 
duplicated is equivalent to an IBM 370-1 58, new problems emerge. The 
drive to proliferate computers is a natural part of campus life. Another 
characteristic of this drive is lack of understanding of what it takes to 
make these new systems operate. It is not just a matter of larger discs, 
line printers, card readers, memory, and so on, even though these items 
will eosi more than the computer. The problem is that people will want 
to use the futi power of their system and this implies a tremendous 
programmer investment in local software. If the programmer 
requirement is duplicated, the personnel will be difficult to come by in 
today's academic climate. If they are not duplicated, the computers will 
be under-utilized 

One natural solution is to standardize on a given type of 
minicomputer for campus computing. Note the distinction between 
mini's for computing and mini's for laboratory automation and other 
dedicated applications. Although coercive standardization has little 
chance of success, standardization by enticement is possible. One form 
of enticement is for the computing center to provide software support 
for only one type of minicomputer, if maintenance of hardware is 
centrally supplied from the computing center that is a second form of 
enticement. This m^el presupposes a medium to large computer 
center that has outgrown its central computer and needs supplemental 
computing power. While the central computer should remain to support 
the broad range of languages and services provided in the past, routine 
computation (FORTRAN, BASIC) could readily run on euxiliary 
minicomputers. The model for a small university would, of course, 
emphasize other features. 

Distributed computing on campus is not viable until a stong user* 
oriented staff has been assembled. Since a computer Is a necesiary 
nucleus for staff development, such a computer should be selected for 
its software support as well as hardware power 



Components 

A slightly deeper preview of the future can be obtained by looking at 
the most recent components announced. Evaluating such components 
one can fairly accurately predict capabilities of systems which will 
emerge as the components are designed into new products. 

Di$c Drm$^ Since larger or faster discs enhance performance but 
cause no fundamental architectural changes predictions are relatively 
straight-forward. At least three manufacturers are making high 
perfdrmance discs using 3330 technofogy. Such discs cost 
approximately S6800 for 80 megabytes of storage. For 1976 extended 
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performonco drives storing 380 megnbytes aro projoctod to cost 
$13,000, 

= Memory, jntegrated circuit memories are rapidiy displacing core. In 
prssent integrated circuits which contain 1 K and bits, access times 
range from 80 nanoseconds to 1 000 nanoseconds Costs of integrated 
circuit memories range from S 2 toil 6 in small quantities. In early 1976 
16K memories are slated for introduction with speeds projected to be 
200-300 nanoseconds and costs less than $10 per integrated circuit. 

To put this in perspective, a one megabyte memory would require 5 1 2 
integrated circuits at a total parts cost of $5120. Power supplies, 
printed circuit boards and packaging will cost another $5000 to 
manufacture. Use any factor you wish to obtain selling price and it will 
still be very cheap. 

CPU 'Bit Slices^ These components make the construction of 
modern CPU'salmost trivial in comparison with older technologies. The 
fundamental idea is to construct a universal CPU building block which 
can be paralleled to form an arbitrary CPU Using bit slices of either 2 or 
4 bits, 4 slices would be used to form a 1 6 bit CPU. Expansion toa 32 bit 
CPU would require 8 slices. 

Components like those described above simply allow the designer to 
provide more of the same computing capabilities for less cost. No 
fundamental architectural innovations result from their application. 
However, a final compc nent, microcomputers, will change the way we ^ 
design and build everything from cars to computers. 

Mtcrocomputers. These components are simply cheap small 
computer systems. The word micro implies only lowcostand small size. 
In all other respects microcomputers are normal computers and are 
yged and programmed as such. Alihough the field is so broad and 
changing so rapidly it deserves a separate paper, some special 
implications can be seen in a university 

• Process eontrof hB$ been a traditional justification for campus 
minicomputers. Many of these applications can be handled by 

nnicrocomputers at far lower costs. 

• DBdicat&d computers far computer sc fence departments (minis) 
have been used togive studantsexperience in operating systems, 
interrupt handling and input/output programming. Some of the 
newer microcomputers provide ideal hosts for such activitiesata 
very low cost 

• Microcomputer termina/s will provide the least expensive 
internal control logic, character generation, and screen refresh. 
Once there, the microcomputer can also do local editing and com- 
putation 
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Advanced Laboratory Techniques 

Althpugh this area is difficult to probe because companias are 
secretive about their most promising projects, references do give some 
inkling abou! the state of the art. A rule of thumb is that parts like 
memory will double in me and halve in cost every iwo years. The years 
ahead promise to be exciting. 
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by CAROL M, NEWTON 

Policy and Management Issues 
In Distributed Computing 
Ofi Campus 



Paradise* 

Academic computing was accelerated into being by commercial and 
governmental subsidies that enabled us to recognize the computer's 
trulY irnponant and potentially pervasive role in the continuing 
advancement of academic pursuits On most campuses, a central 
corTiputing facility was organized to undertake the responsibility to 
provide computing supports to its academic community. Although 
mirJicomputers were acquired by some individuals for laboratory 
re^arch, campus computing was primarily delivered by a relatively 
large central computer, and users' services and classroom instruction 
tended to orient to it= Growing sophistication in academic computing 
gernerally was associated with growing sophistication of the central 
Computers and their associated systems and applied software. 

It soon was apparent that outstand ing computing supports in various 
specialties differed from one computer model to another, and from 
campus to campus for similar models. Academic computing obviously 
would be greatly enriched if eachindividualcould be provided access to 
a variety of excellent computing resources Hopes for such a 
networking capability grew as the ARPA network achieved technic^^l 
success and as more modest regional consortia (2, 3) pioneered 
resource sharing. Meanwhile, in certain specialties such as hospital 
computing, distributed computing involving minicomputers was 
recommended (4) j ust prior to the recent nniniGomputer revolution, and 
the advantages of allying such local nninicompu ting with access to la 
specialized centers vvere discussed (1). Now. recent technological 
braakthroughsa re dropping the pricesofminicompusters and escalating 
their capabilities at an amazing rate. 



*With apologia s to Milton 
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Although softwar© and customer servicesare notkeeping pace rn the 
latter developments, and although more work rennains to bring th© 
EDUCOM network into being, it is safe to assume that advances in 
computer technology no^* beckon us toward a new era m distributed 
academic computing Transition into this era requires an examination 
of academic cornputtng strategies, and hence of pohcies that already 
have at trmes perturbed traditional precepts of academic governance. In 
Sonne vvays. the new technology offers alternatives that rnight restore 
irnporiant aspects of decentralized governance, of f reedor"nof individaul 
choice But m other ways, its richest promises rriav be realized and 
financial feasibility assured only if uriiversitses enter into binding 
agreements with one another 

Finally, anoiher espgctally attractive aspect of disiribuied computing 
iserTterging as virtuesofwhoiesale retail systems are betng debated. 
Consultation in scientific computing and the developmeni of high = 
qtiality applied software for education and research are bemg 
f ncreastngly recognized as important elements of academic computing 
fr thetr own right, and as being m many cases administratively 
separable from the centers providing hardware and basic systems 
support. Ideally, consultants expert in scientific cornputing for a given 
discipline might resKje in departments, together with programmers 
serving thern; general consultants and speciaiists in systems and 
communicatrons rnight reside at the campus computing center; and 
leading experts might be avaflable for occasional high-level consulting 
by way of the net^yorks. 

Clearly, if all of these objectives in distributed computing can be 
effectively implemented, if the required transition can be achieved with 
constderate attention to the needs and aspiraticjns of all parties 
involved, there v^i 11 indeed by a renaissance in academic computing. Its 
Ukel\ impacts on both educational and research prograrnsare esccitrng 
to CO ntem plate 

Paradisa Lost 

Unfortunately, our declining economy discotirages t^lB prirningthat 
would greatly lielp entry into this new era of academic cornputing, and it 
has set mto motion forciis that may very vvell oppose it. 
BACKGROUND 

As a declining economy and anti-trust badgering substantially 
reduced or olirniriated subsidies upon w^)lC^1 earn pus computing 
centers had come to rely jheir efforts to protect other sources of income 
understandably tightened Caught m other financial binds as well, 
many unrversities failed to adequately cover these losses plus 
increased H^cnenditures required by the rapid growth of computing in 
academic pursuits Recognition of the importance of extra murally 
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funded researchers as sources for support for the campus computing 
center grew. In many cases, this posed no problem. However, in some 
casesit was clear to the mvestigator thai his research mission wouldbe 
best served if a portion of the computing for it were rendered by his own 
minicomputer or the purchase of services from an especially 
appropriate facility other than the campus computing center, 
Nationally^based peer^review groups, whose expertise would be 
difficult to fault, reviewed the requests for extramural funding that 
woutd have provided these alternatives. 

On many campuses, review boards were formed to monitor 
diversions of computing re\/enues from the campus computmg center. 
They tended to place upon extramurally funded researchers, wfno 
wished to acquire their own computing equipment or to purchase 
elsewhere servfces they beiieved to be more cost-effective or 
appropriate to their specialty, the burden of proof that they could not m 
fact use and therefore hetp fifiance the campus center: One realizes, 
especjally in advanced research, that there can be a tremendous 
difference between struggling to make use of a mafgjnany appropriate 
system and progressing rapidly m one's work by accessing mere 
adequate speciaity connputing supports Campus review boards have 
differed on where to draw the line in such decisions. Some have 
angendered a legacy of resentment because decisions appear to be 
based on admmistrative rather than the traditional academic priorities 
Others, upon ascertainmg that the applicant's plans were well thought 
out. have permitted a more pluralistic system to evolve for campus 
computing. The latter campuses seem to be in a better position to 
advance m distributed computing with less disruption of the campus 
center^ They already have learned how to cope with such shifts, and an 
atmosphere of mutual trust permits constructive negotiatmnsthatare 
unhampered by compulsions on both sides to over^hedge one's bets. 
THE PRiSSURiS OF OUR TIfVlf 

Financial support for research hasfallen further at a time when many 
investigators have becomeconvinced that thecontmuingadvancement 
of their research depends on a ssurance of at least some minimum levei 
of computer support For the f irst time in their careers, many excellent 
investigators are experiencing substantial cuts in funding and, all too 
frequently, loss of funding. Because this often is not a question of 
research quality but. rather, of unpredictable shifting of priorities for 
funding certain areas of research in a drastically curtailed economy, the 
investigator understandably reacts with an unprecedented sense of 
insecurity What is no longer highly and objectivciy dependent upon 
scientific quality is no longer under his or her control. Concurrently, the 
investigator encDunters higher prices for computing services at the 
carripus centef, or endures limited or low^priority access for now 
unsupported research He or she mentally extrapolates this rapid 
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dovvnv^/ard slope (orcomputeravaHabiltty anddecidesthaisurvivaiasa 
researcher may very well depend on acqutri ng an mdividuai computer, 
no rnatter how high the costs m other bui cioliars These costs can b© 
very high When th»s is po»nted out by a review comrnittee vvhose 
motives are suspect, rig hrly or wrongly, a deaf ear and deepened drive 
toward "freedom" are likely responses The more autocratic the 
System, the greater the reinforce rnent of the investigator's sense of 
povverlessness and hericB the more intensified his or her drive for 
"survtval" 

The spiral of distrust and contention builds as rriore cases are added. 
All part»es impelling it onward see thernselyes as pillars of the 
university, as standing for principles essential to its well-being: And 
this IS true. When investigators assertiheirrights. wwh fundstheyhave 
obtained, to acquire equipment they deem to be essential to their 
research or educational mission, theycan seathemselvesasdefending 
a cherished precept of acadenfiic freedorr!, as well as the nijssion for 
which their funds have been provided, When computer center directors 
accepT a responsibility \& guarantBe basic computer supports to al! 
mernbersof the academic cornmunity, andbelieveihattheircapacityto 
do so is threatened by decentfafiiation of financial support for 
computing, they can see themselves as defenders of the welfare of the 
majority. And so it goes 

Perhaps this picture is g bit extreme. Butelernentsof it canbe sensed 
on various earnpuses and in various individuals As federal budgets 
tighten and prices of minicomputers fall the drive toward such a spiral 
is likely to beeorrie more manifest. The pola rizations thus engendered 
cQuSd become a major obstacle to overall advancernent of 
computing capabilities. Bidstoupgrade thecenter's cornputer are likely 
to be resisted by those fearing that further indebtedness for central 
hardwgra would elevate the barriers to legitimate bids for 
deceni?ii llzation. Deprived of tfie interactive capabilities offered by 
more recently designed compyters, the center is hard put to defend 
against claims of IndividuaJs who assert that their work requires 
interaction and hence acquisition of a minicomputer. In short, these 
human factors can have real and important consequences. In these^^ 
days, three types of hurdle must be surmounted for us to realise our 
hopes for academic computing: technical; economical; and human. Of 
these, the latter, impelledbythe second, may provetobeby far themost 
difficult to overcome. 
EXAMINATION OF SOME ISSUES 

Some rather dfvfsive issues have arisen in the evolution of local 
policies for academic cornputing Theirf rank discussion and thoughtful 
resolution is essential to attainrnent of the environment of mutual trust 
and constructive outlook required to adva nee academic computi ng 

The several examples that foliow are encountered rather frequently. 
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Those seeking to legitimize campus controls on how all dollars should 
be spent for computing must contend with the fact that some are 
supplied by extramuraS sources for welNdefined missions. They 
therefore seek justification for policies that are independent of funding 
sourcss. Invesisgators resisting controls challenge that it is 
inappropriate to demand reviews for the acquisition of minicomputers 
that cost less than uncontrolled equipment such as electron 
microscopes. 

Relevance of Source of Funding to Choice of Computing Supports^ 
Many of the arguments advanced to decouple the choice of computmg 
supports from sources of funding sound pfausible sA/hen iniiially heard. 
Typical e)camples are: (1 } it's the people who ultimately a re paying for all 
of this anyhow, whether federal or state budgets are involved. We are 
doi ng what is best for f/?em. and distinctions on the basis of sources of 
funding shouldn J be allowed to obstuct that. (2) AH funds accruing to 
this university are awarded to its {Board of Regents, Trustees, etc.) 
regardless of source, not to the individual faculty member. Therefore, 
policies for spending them should not have to recognizedifferences in 
sources of funding. 

All such afguments must be held up to the light of proper 
accountability. As citizens in a pluralistic society, we direct our 
mandates to vanous branches of government and privateageneies. We 
ask our state and private universities to educate our young people; we 
ask certain of our federal institutes and private foundations to support 
research for the eradication of cancer, solutions to theenergy problem, 
etc. Each such program is individually accountable to the citizens 
supporting it for optimal use of funds for its defined mission. Our society 
has been deliberately founded on the principle thatrno onegroup shall 
presume to "know what is best" for the people. 

It therefore is improper to hold that the fact that one is ejctramuraHy 
funded should be ignored when an investigator seeks to acquire a 
computer or computing services that best serve the mission for which 
they are being purchased. Assuredly the university can and should 
reject any projects it believes to be harmful to its own mission. But to 
routinely label as such all projects that decline to assent to its 
determinatron of how their computing funds shall be spent would be 
both artificial and potentially seriously damaging to the university's 
academic standing. 

Wtiose Rtghts Come First? l\B6\X\Qm\\'i. universities have stood firm 
to protect the rights of individual scholars tochoose how to pursue their 
work, especially when they need not draw upon common university 
resources in order to do so. One must question the legitimacy of 
equating an individuarsfailuretosubsidizeacampus computingcenter 
with censurable harming of one's academic community If this 
equivalence is granted, there seems tobe little reason nnitoextend it to 



59 



56 POLICY AND MANAGEMENT ISSUES IN DISTRIBUTED COMPUTING 



Dther academic pursuits. The consequences of doing scare disquietmg 
to contempiate Not only does it seem proper to restore traditional 
priorities that respect the individual, where such have been wa rped, but 
such may now be necesssary for restoration of a climate of accord 
essential to the entire campus' computing welfare. 

Why Shou/d Minicomputers Be Subjected to Controls Other Than 
Those Regulating the Purchase of Equipment of Equivalent or Greater 
Cost. Such as Uftracentnfuges and Eiectron Microscopes? This 
question often is raised by those resisting imposition of university 
controls on computing Superficially it makes sense, especially if the 
controls are directed to discouraging aiternatives to use of the campus 
computing center. However, setting aside the question of whether 
there also should be better protection of prospectis/e buyers of other 
equipment, one notes that the complexities and often very poorly 
understood cost centers in scientific computing place it in a class by 
Itself The functions of ultracentrifuges and electron micrc scopes are 
few and relatively well understood. The minicomputer is functionally 
protean, and a number of its prospective purchasers, though 
knowledcjedble m their own fields, do not appreciate the many 
considerations that should enter deliberations on choice of a system. 
The prospecMve purchaser may be oversold by manufacturers' 
representatives,- in^house programmers envisioning the challenge of 
deveiopmg software on a machine of their own, junlorfaculty unaware 
of the eKtent and possible consequences of their own inexperience and 
eager to introduce computing into their department, or enthusiastic 
associates elsewhere whose successful use of a given computer for 
something rather similar might not in fact be readily transferable to the 
task at hand. Most often these innportunings are well intentioned. but 
the results of an unwise choice can be disastrous regardless of 
I ntentionS: 

Results are what should concern us. If an ultacentnfuge won't work, 
it can be promptly repaired or replaced and the investigator wastes little 
time m the process. It is otherwise with computers. Instances of 
software problems are legion, and their resolution may drain even an 
eKpertenced investigator's resources, energies, and patience. Results 
of this drain might very we I! fall but nearby m the academic community. 
Although it may be deemed paternalistic by some, a requirement for 
pfospective purchasers of computing equipment to plan thoughtfully 
and knowledgeably for its acquisition would seem to be in the best 
interests of all If the reviev^s and consulting required for this are 
carried out expeditiously and in an atmosphere of trust, there is little 
basis forvalid objection. An essential emphasis must be attention to the 
purchaser's and project's own welfare. Hidden agendas that place first 
a concern about supporting campus computing are improper, 
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counterproductive, and, at bast, unlikely to substantially alleviate the 
carripus computer center's fmancial woes. 
THi REALmiS 

fMinicomputers are going to play an even greater and more pervasive 
role in academic computing than at present It is only a matter of time. 
Falling prices will make jt impossible to maintain restrictive polices. The 
outconie iscertairi. Marly will be acquired by individ ua Is vvithexta mural 
support, and some of their connputations rnay duphcate what might be 
providedbythe central campuscomputer. If ihecampus is viewedasan 
isolatecl, zero-sum entity with respect to financial support for 
coniputing, consequent diminution of eKtramural revenues for the 
central computer is mevitable and the overall results could be serious. 
Attempts to repress this trend will at best only buya little time, and their 
potential for triggering or intesifying a spiral of mistrust is great. The 
latter couldbe very harmful toall aspects of campuscomputlng. Finally, 
with the principle of rGSponsible free choice an established policy for 
minjCQmputers. it is difficult to justify denying researchers and 
students access to extramural services that are especially appropriate 
for their work. With consequent further dinnjn ution of Bupport. viability 
of the cafTi pus computer center, as presentlyconstituted, maybe called 
into question. 

With this, the issue of who then guaranteescontinuity and quaMty of 
basic oonriputer supports for ali membersof theacademiccommunlty is 
also eailed into question^ since somefields areonly beginning to realize 
the benefits of computers in their instruction and research, we cannot 
remand this responsibility to departmental or school levels. There can 
be no doubt that a campus computing center must be maintained/The 
only questions are, "How?", and, "In what forrri?'*. 



Paradise Regained 



STiPS ON THi WAY BACK 

First, we must recognize and accept the realities. Academic 
computing inevitably will become distributed within and between 
rampuSesThe sooner we face this, the smoother and more generally 
constructive will be our transition toward the future. 

SecDnd. we each must recognise the essential strengths of all of our 
positions, and the importance of all to the academic community. 
Extra murally supported research tremendously enriches our academic 
progrart^s- It brings to campus intellectualiy challenging problems 
together with the resources to pursue them, and contributes through 
overhead to other research and educational programs in the university. 
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No rational research-onented university wili continue to promote 
policies that compromise an investigator's ability to obtain the kind of 
computing one needs to maintain the produciivity required to bid for 
continuing extramural support. Indeed, m these difficult times, the 
university should play an even more active role in strengthening the 
investigator's competitive advantage. On the other handjhe needfora 
campus computing center as guarantor of the continuity and quality of 
basic computing supports for all members of the academic community 
IS altogether beyond debate. It is doubtful that campuses ever could 
have gotten along without one, but with the complexities of distributed 
computing upon us. it is certain that we should now have to invent 
expert campus computing centers djd they not exiSt= 

Finally, with knowledge of the future and an awareness of our 
strengths, let us begin right now on each campus to chart a thoughtful 
course that will bring to both its educational and research programsa 
rich variety of cost-effective computing resources to further their 
excellence We can and must work together in the traditional spirit of 
collegiality that respects individuals and makes universities great. 
EroS!on of collegiality by coercion is a hallmark of failure. 
THE CAMPUS COMPUTING Cf NTER 

Maintenance of a substantial hardware capability at the carripu^ 
computmg center in the face of inevitable trendstodecentralize impnes 
either substantially increased university support or escape from a zefn- 
sum funding, game. While advocating that universities themselves 
more adequately fund academic computing, one must suspect that in 
these tight financial times, the escape alternative will be preferred by 
some This implies building a market of extramural users by accoprmg 
commercial or research institute contracts, providing standard servieas 
to other regional campuses lacking a major computer, or joining a 
national network To become attractive on a national level, the 
development of outstanding capabilities in one or more areas should be 
considered; i=e. in addition to providing good basic services jhe campus 
center might become a specialiied facility^ A combination of general 
regional services and specialized national services very likely will be the 
best solution for larger centers The implications for overall upgrading 
of academic computing m this country are obvious. 

But development and maintenance of a truly outstanding campus 
computing center need not be equated to maintenance of a substantial 
hardware capability. Instead, such a center may choose to develop high 
general expertise m modern scientifrc cor^putmg; m networking, 
minicomputmg, sophisticated interfacing of computers to other 
systems/ academic software devatopment. expert counseling and 
instruction in strategies for scientific computing, etc. An adequate 
minicomputer or small standard copiputer might handle the great 
majority of routine local transactions. Being knowledgeable of 
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computing throughout the country, advisors at the center could dtrect 
Students and faculty to the most appropriate exiramural servicesvvhen 
capabiiities beyond those obtainable locaily are required. 

Either approach would seem to bring us closer to what academic 
computmg rs ail about, excellence in scientific computing that reaches 
above and beyond stewardship for a large machine Many^of our 
campus centers riow exhibit this eKcallence and should be able to make 
the transition with little difficulty. 
DISTRIBUTf D COMPUTING ON CAMPUS 

Distrtbuted computmg on campus probably should include both 
minicomputers and local departmental consultants and programrners. 
A prospectivfi pyrchast^r of computmg equipment should be helped and 
required to plan knowledgeably with the assistanLe of University^ 
supported staff and faculty Otheralternatives should also be carefuny 
described and possibly recommended to the purchaser. However, if 
users provide evidence of having considered these suggestions 
competently and if those financially supporting the acquisition agree, 
they should be permitted to stay with their choice. 

It would seem to be m their best longterm interest for most campus 
computing centers to assume an active, constructive role in developing 
high quality supports to distributed computmg on campus, and perhaps 
for eKtramural users as well. The development or maintenance of 
cross-assemblers for more commonly available minicomputers, 
provision of recbargeablo expert custom programming and interfacing 
services, maintenance oi a pool of minicomputers for rental, the 
developmer>t of systems for communicating some minicomputers with 
the central campus computer as intelligent terminals, might be 
suggested ConsMjer the latter After the novelty of reinventing 
statistical and other established software has worn off, new 
mmicomputef users rnay more fuliy appreciate the great wealth of 
expertly developed, long tested software available on larger machines. 
If they then can use their minicomputer both stand-alone for 
appropriate local transactions and as an inteingent terminal that can 
tap the campus cnmputer's major applied software, their financial 
support and advocacy for the campus center are likely to rise 
substanttaiiy 

SUPPORTS TO DISTRIBLJTiD COMPUTING 
FROM MULTICAMPUS CONSORTIA 

IndivKJual campuses may fall short of thi volume of activity required 
to achieve important economiesof scalein minicomputing, whichcome 
within reach for consortia of carnpuses. Economical group purchases of 
rnmicomputers and their associated commercial software are obvious 
ventures for a consortium In fact EDUCOM has arranged fur discounts 
with two computer component vendors for all members The larger the 
number of mambers, the more likely that the required number of 
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prospective purchasers can be attracted fora given transactjon without 
pressuring other purchasers who really prefer something else. Spare- 
parts depots and highly cost effective maintenance services for the 
more widely used miniconiputiffs also should be considered. Although 
founded for more positive goals, a newsletter can bring pressure on 
manufacturers and software houses by making known commonly 
encountered problems. 

One of the most valuable products of sharing and collaboration 
withm a consortium is likely to be software, inadequacies m some 
applied and systems software m minicomputers consiiiuta one of the 
major reasons for preferrmg large computers for certain apphcaiions. 
However, much of the latter'ssoftwafe consiiiutesa major investment 
mvolving teams of experts, substantial documentation, continuing 
mamtenance, and numerous corrections and refinements accruing 
over a large number of years There is no way for this quality to be 
duplicated mstantlyfor minicomputers. However, if universities believe 
that minjcomputing is important to their futuremow is the time lobegm 
deliberate, welhpianned collaborattve programs to place minicomputer 
software on a sound bas?s. The desultory offerings of Informal users' 
groups will not suffice Ther- nnust be a soHd. longterm commitment for 
both development and contmuing maintenance. WhHe one university 
might undertake such a commitment m a limited area, perhaps as part 
of its role as a specfniized center, the need for group action is clear. 

Fmally, local conscrtia enable sharing of equipment that is required 
only occasionally and hence unlikely to be well represented on all 
campuses. Consider especially the equipment that is required to 
translate data from one machine^readable form to another. A 
specialized mmicomputer rnay perform only one part of a larger job. Its 
output may not be readable by the next i^rocessor to be used. 
Considering the possible cQmbmations in such mcompatibilities. it 
would not be surpnsmg to find that ail of the data-converSiOn 
equipment desired on a grven campus might not be found on that 
campus Again, the loca^ consortium's poteniially broader equipment 
base IS one answer 
THE ROLE OF STANDARDIZATION 

An obviousdrlemrTia arises from the foregoing considerations One of 
the most attractive advantages of mmicompuiers is their ability to 
mtroduce at relatively low cost a rich diversity of local computing 
supports that are speciaMzed to different areas of application. 
Unfortunately, these speciah^ed software systems associate with 
different mmicomputers and often are not readily transferable to 
others in addition, very promising new minicomputers are being 
offered by less well entrenched companies. We can expect a broad 
mdustnat frontier of mnovations in the coming years. All of this 
militates against restricting academic minicomputer acquisitions to a 
few models of manufaciurf^fs 
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On the other hand, \i is clear that many of the adva mages tnat can be 
raniized from central campus support and coilaboration in consortia 
require focusmg attentton on a few compuiers Group buymg and 
shared support of software are obvious exampies requiring volume to 
be cost=effective. but the development of interfRc.e devices and 
protocols for accessing networks might provf-^ lo be even more 
important Clearly, a pluralistic system iS bast am that offers 
substantial advantages to those acquirmg standard sysiems while 
permittmg freedom of choice to those whose acadernic missions would 
be better served by other systems 

One would anticipate little contention where the better established 
standardized systems are concerned The advamagesalready achieved 
by collaboration should be quite vJStbie for such, and wide preference 
for them would be expected to create a comfonabjy adequate user 
community wfthout active recruitment It may be otherv^/ise for systems 
on the borderline, whose proponents have much to gam by pressuring 
others to jom them A spirit of collegiality that favors the great majof tiy 
of users, adherents to popular standard or to non-standard systems, ss 
essential to a healthy academic computing environment, and hence 
computing poi*c = es should be designed to discourage undue pressures 
to standardize. whMe making available the undeniable advaniages of 
some standardizatpon Again, the need to coerce is evidence for failure 

Vet another dilemma: The larger the coMataorative base, the larger the 
number of standard systems that can be cosi=effectively, comfcrtably 
accommodated, and hence the wider the chgice for individuals Large 
consortia are one ansv^/er. However, responsiveness to the particular 
needs of users on one campus ts likely to be lessened if decisions 
concernmg priontiesfor collaborative efforts must b© made on the basis 
of what IS best for a larger group of campuses pluralism should apply 
here, too A campus should partition its investments between local and 
consortial activities. One further notes that speciaiued ejciramural 
software collaboration often hasbeen. and is likely lobe, by professions 
rather than campuses The minicomputers or microprocessors chosen 
for extramural collaboration may not be the same as those preferred by 
a majority of campus users. All the more reason for a pluralistic 
approach and respect for what serves the individuai best. 

University of California Advisory Panel 
on Minicomputer Policies 



iACKGROUND AND GENERAL COfN^CLUSIONS 

An Office of the Executive Director of Computing has been created for 
the University of California system Smce trie pi rector reports directly to 
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the President of the UntversUy, the University appareniiy appreciates 
the important, pervasive role of computing throughout its various 
branches Since bemg appointed to that office, Melvin Peisakoff has 
initjated □ number of committees to investigate varrous aspects of the 
University'b computing needs. For instance, a task force on com- 
munfcations has investigated both microvvave and common carrier 
communications for linking computers among the nine campuses. The 
panel on mrnicompuiing has based its policy recofrimendalions on 
intensive deliberations on academsc needs. Since campuses have, to 
different extenrs, permitted or welcomed minicomputers and other 
aspects of decentralized compuimg, the panel does notforesee serious 
difficulties in advancing into a new era of distributed academic com- 
puting Indeed, that what much current plannmg }S all about-. 

It vvQuld be difficult and perhaps not worthvvhile to surnmariF-e ail of 
the paners deliberations- Some of the more important general observa- 
tions were 

in minicomputfng software Wnds to be b greater concern th&n 
hardware For mstance, it might at times be a very false economy to 
require two nearby people to share purchase of a single miniconipufef \i 
therr disparate software needs are adequately met only by tywoquitedif- 
ferent machmes. 

Although one woufd hke to. it maybe difficultto ottain pufcha£e ton- 
tracts for nimicompuiers and their associated software that enabSe 
acceptance to be ccntingent upon demonstrated systern performance 
given specifications The minicomputer market isqiJite different from 
the established., fofg© computer market, l-ow prices reflect to a large 
extent more modest services, guarantees, and general hand-holding. 
This iS an important reasor^ for recomniending that minicomputer 
purchases be aided by knowledgeable advisory panels. 

/^inicorrfputing shouidtje vie wed as part of a total capabttifyfor distri- 
buted compiumg. Both on Mine and off-line intercommunication ainong 
computefs shouid be enabled. Software cptimai for severa! portions of 
one job rnay reside on diffy'^^nt machines: large computer backup for 
the mini is only one example of this ne^d. 

AM of the5»e consideratfons point to the advantages realf£ab1e in 
consortia The Unrve?rsiiy of Califofnia system is an excellent testing 
ground for wh^it m-ay be accomplished by consortia for mmicompi^'Uny^ 
and the panel on msnicomputing recammends that it actively and 
creatively explore v»/h£n can be achieved in thiS dimension 

AN OPINION ?unviY 

Two opinion Surveys concerning mmicornpuier policies were con- 
ducted by panel members. In the briefer survey questionnaires were 
sent to department chairmen and directors of major research units. In a 
few cases, faculty designated to respond for them, or deans, replied. A 
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preijmmary analysts of some general questions indicates the following 
results 

O Do you beneve thai permission to acquire a minicomputer should 
be by the traditional procedures for other equipment of comparable 
cost? 

A: 78 yes 
1 8 no 

3 very qyalified 

Along wfth "yes" were some comments that computers should not be 
treated differently from mass spectrometers, etc., but others perceived 
that some different considerations might be appropriate in reviews of 
the?r purchases. The primary consensus was that channels of govern^ 
ance should be the same Along with '*no" were comments that mini = 
computefs were less well known or well defined to some than were 
uftracentnfuges, etc.. and mat decisions concerning minicomputers 
are likely to have greater educational impact. 

Q: Who should review mmfcomputer purchases, if it isdecidedtodo 

A: 62 traditional local channels 

11 local with university technical support 

6 university'Wide 
18 strong anti-fevfew sentiment 
6 want only some technical advice 

Q To aid university planning for cost-effective corTiputer supports, 
do you object to some regular reporting on minicomputer use? 

A. 72 accepiable 
30 object 

Of those to whom some regular reportmg on minicomputer use 
would be "acceptable'V 25 urged that reports not be too frequent or too 
long. This generally favorable attitude suggests the earnestness of the 
respondents They are willing to invest the effort required to make a 
good system work. 

Q: What are your reactions to requifed tecnnical review that 
addresses questions of importance to purchaser, that are answerable 
by any feasonably knovyledgeabfe buyer. 

A; 41 O K . with some qualifications 

15 OK , with firm assurances that it Is purely advisory 
34 negative (18 emphatic) 
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Q Should applicant be required to accept a racommended 
alternative^ 

A 15 yes 
51 no 
5 depends on funds 

Q: Whose considerations shouid come first? With this question a 
ranking was requested among the first four items, and the top two 
choices were scored when niore than one check was made- 

A: 29 purchaser, faculty 

I 3 department 
10 canripus 

3 university 

37 depends on source of funds 
5 depends on use 

I I depends on circumstances 

Q. Should applicant be free to choose, so long as all people funding 
the acquisition are satisfied and ho nan considered the proposed 
afternatfves? 

A; 73 yes 

4 qualified 

5 no 

Q: Should all minicomputers acquired for educational purposes be 
administered by the campus cnmputtng center^ 

A: 19 agreeable 

55 3gasnst(15 vehement) 
7 favor pluralistic systems 

Although only Seven respondents volunteered that they would 
recommend a system where some were administered by the center and 
some were not. it is hkely that more people vvould have been agreeable 
to this had it I en an explicit alternative in the question. Some voting 
"against" noted that one of the purposes of minicomputers is to 
decentralize computing. 

Before drawing conclusions from the foregoing response, one must 
be mindful that it is only a casual survey, with obvious liabilities to bias 
with respect to nonrespondents. Also, it was sent to academic adminis = 
trators at th?? depHftment-chairman level, not to individual faculty and 
students. (The larger, two-^pass questionnaire seeks to reach these 
people as well ) However, certain of the findings are so clear that, at 
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l#ast for this category of fespondent, it seems unlikelY that a rnare 
Systematic survey will reverse them. 

What might one anticipate about this group of respondents? They 
probably orient to aGademicinteraits while appreciating administrative 
rrec^ssiiies required for the welfare of the department or university. 
T^e prafarenca for adherence to traditional channels of academic 
gcvarnance is not surprising. Any controls might be resisted more 
uncompromisingly by the faculty whonn they would most directly affect. 
Evidance-corrpboraling a sense of administrative responsibtlitvisfound 
iri the willingness to report on computer usage, together with the 
awareness that this could entail an administrative burden (i=e. the 
requests to keep repofting simple) 

In view of thfS, quite strong sentiments that the preferences of 
irfprniad purchasers and their sources of funding must be respected, 
cannot be ignored. Ambivalence with respect to a required technical 
review probably reflects concern, some of it openly expressed, that 
s^uch might cease to be purely advisory. 

As remarked earlief. nnost University of California campuses have 
t#nd^d to welcome, or at least tolerate, minicomputer acquisitions in 
tre past. One therefore might expect phobias against controls, or 
o-pposition to the computer center's administration of educational 
r^iinicomputars, to be lass adamant for the University of California than 
f^r campuses harboring resentment of more authofiiarian systems. 

It seems rather safe to conclude that any enduring policy, while 
r^equiring and technically supporting a responsible pre-purchasa 
review of alternatives, must allow the applicant's choice of a system so 
Wng as all paople fundi ng its acquisition and mai ntenanee are satisfied 
and the user provides evidence of having serigusiy considered all 
propcsed alternatives. It also seems desirable to adhere to the 
tfadrtlonal channels of acadennic governance as closely as possible. 
More detailed policy and program reeommendatmns recently released 
l^ythe University of California minicomputer panel are available from 
ttie author. 

PHOPOSmD UNIVfRilTY^WlOE SUPPORTS TO MINICOfVIPUTIMG 

As mentioned earlier, the advantages realisable by a consortium of 
f-am puses can be substantial While it mightbe easier forthe University 
California system to mobilize the administfative vehicles for 
^o/isortia I activities, it is unlikely that the activities themselves would 
differ markedlv from those, which other consortia might adop?. 
Uniwersity^wida activities to support nniniCQmputing might include' 

0BS^c TBchnicai Supports 

• Bargaining power for group purchases or good service should 
respond to ajcprassed needs rather than risking ©verestimation of 
future requests for a system. 
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• Jointly jpported custom programming may enabfe cheaper 

• Contracts or grants to facully to develop innovative systems to 
advance research or education. 

• Selective software rnaintenanca, documentation, and 
distribution. 

• Salaciive cpniracting for hardware maintenance. 

• Depot of spore parts, or computerized invenlory of what is 
available on various campuses, whom to contact, 

• Investigation and divelopment of regional communications hard- 
ware arid softvs/are systems, to link minicomputers to large com- 
putars and to each other. 

• Daveiopnnent of shared resources for converting machine- 
readable information vvill allow a diversity of data formats. 
Specialized minis may do only pari of a job. 

• Baste prDfessional furhtime staff will be necessary to manage 
support activrties and to consult with users and prospective 
purchasers, 

AeadBmic ResourcB Sharing 

• Shared expert eonsultants. 

• Shared instructional resources can be facilitated by mutual 
listing of computer courses, permission to enroll, and shari ng of 
teaching aids. 

• Workshops. Symposia, demonstrations, "road shews". 

• Users group. 

• Joint studies and evaluations. 

• Shared support for representatives to appropriate professional 
comrnittees. 

• Announce n^vv shared technical support 

• Request bids for new ^software. 

• Announce nevviy available software. 

• Advertise for participants m a group purchase or for support for 
custoni software. 

• Announce workshops, new courses. 

• Reports from representatFves to national meetings, committees. 

• Report manufacturer support deficiencies, frequent hardware or 
software problams. 

This is all very promising, but how do we pay for it? How do wa set 
priorities? How do we attract and compensate substantial investments 
of time by top acadartiic talent? How do we ensure longtarm commit- 
ments, thatjusttfy major investments in communications? Hnw^iowa 
achieve a healthy balance of resource allocation betwetHn indiviJually 
owned rninis and sha red large computers? How do we accomplish aJI of 
this with minimal invasion of the informed individuars freedom to 
choose? 
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Starting with simpl© programs requiring little capiializotion, we can 
gfaduaMy work toward more ambitious goals, learning as we go. 



Conclusion 

Distftbuted computing within and between campuses is virtually 
certam as we rriove toward a new, exciting era in academic computing. 
CDncomitant with this, decentralized funding is likely to erode support 
for large campus computing centers, if each campus is regardedasan 
iSDlated, zero^sum funding entity, and if the centers adhere to their 
traditional forms. However, the very situation that poses this problem 
also points a way to its solution. With the complexities of distributed 
CDmputing upon us. the need to support an expert campus computing 
center becomes even greater than before. Centers that prepare for 
active leadership in fulfillmg this role are essential to the university's 
academic mission and hence in little danger of being denied financial 
support. Revenues from services will increasingly supplement those 
from use of the large computer. Campus centers can exercise and ba 
estaefned for their expertise in scientific computing, earning rsspect 
wall beyond what they might once have been accorded for possessing 
a large piece of hardware. Those who wish to retain the latter can 
break the bonds of a zero^sum gfime by developing specialized supports 
whose excellence can attract users from a nation-wide base, while also 
providmghigh^quality computing supports fo smaller nearby acadernic 
institutions. InteMigem pianning for such trammnm with respect for 
the rights and needs ol a^l involved, should b&gm nght now. 

On the other hanrJ. while distribufc^d computing is to be welconi^ri, 
requirements tha? j ospmrnm fn^Micomputer pyrchasers make v/ej|- 
informed choices are nor. t.Mireasonable. As the market ranidly 
broadens as hafdwire prices fall, and as fears for continued fundmg 
for ^^eir cumputr^r ri^pendeni research force some to desperate 
measures, a number at proposed purchases may be ill-considered. 
Mar >v nf wiv attracted purchas.ers may be far less well informed about 
mimci^mputers than about other equipment of cDmparable cost that 
th^y might buy and the impact on them and their work due to struggli ng 
with an inadfe.n;ate minicomputer system can affect others in the 
nearby academic community. However, any review should provide 
helpful technical consultation and be onented to the user's needs. 4fter 
requinng a knowledgeable consideration of alternatives, a review 
commHiae should permit the purchaser and those supporting the 
purchase and system mamtenance to make the final choice. 

Finally, multi-campus consortta can contnbute tremendously to the 
cost effectiveness and excellence of distributed computing systems. 
Beginning with simple programs requiring little capitalization, theycan 
advance carefully toward more ambitious goals. 
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CHAPTER 6 



by Clinton DeCabrielle 



Legislative Perspective On 
Distributed Computing 
On Campus 



Introdijotion 

I have never been a legislator, but 1 do receive a considerabie amount 
of direction from the Washington stata legislature and have a vary 
direGt interface with them. It is on the basis of this environment that I 
address the subjaGt, "A Legislative Perspectiva on Distributed 
Computinig on Campus". 

First, it is necessary to define "Distributed Comptiting." At the 
Washington State Data Processing Authority we use the definition, 
"providing a functional capability to a user at the location or iDoations 
where the user would most usualiy perform the function/' There are 
probably many who fael this is a cop-out devised to establish a broad 
generalization which can be applied to any sitWtmn with any solution 
that has been pre-ordained. However, we found many more specific 
sets of language to be restrictive and to tend to describe parochial 
interests 

While setting a frame of reference, it is onlyfair to reflect also some 
assumptions regarding legislative bodies that you may find completely 
unacceptable. Assume that your legislature has a strong desire to 
understand your need for computing resources and an equally strong 
desire to satisfy those needs withm the bounds of an equitabia 
assignrnant of fiscal resources. Further, assume that your legislature 
has e^perjenced a frustration in dealing with several dozen individual 
requests for data processing resources which on the surface appear to 
duplicate themselves, to a large extent. As a final assumption, accept 
that your legislature does not have the wisdom of Solomon, the 
patience of Job, nor the luxury of infinite financial resources. 

To combat this frustration, to overcome the lack of u ndersta nding and 
to make some order out of the chaos which they felt, legislatures have 
resorted to a number of schemes in dealing with data processing 
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resources. Commissions have been established, departments of data 
prDcessing have been created and data processing advisory 
committees instituted. All this attention to better control from a half of 
one percent to 1 3%Qia total state budget. Asm many instances, it isn't 
the magnitude of dollars, but rather the visibility and glamour of 
computers that attracts this attention 

Connputers get attention because the media like to report on 
computer activities, and politicians will attach themselves to any focus 
that the media develops. Computers have consistently received a great 
deal of notoriety. Their cost, their applications, their acquisition and 
their mistakes are all newsworthy and at the same time they are 
suspect by the general public. All of this adds up tosufficient reason for 
the legislature to have a high level of interest in computers. Throw in 
the security and privacy issue a nd the big brother image, and you have 
Cfeated an ideal situation for legislative interest and involvement: 



The Legislative Perspective 

With this background, let's try to examine the legislative perspective 
of eomputing. There has been a good deal of emphasis in a number of 
states on consolidation and it is normal to expect that such a direction or 
such an attitude precludes consideralion of disTfibyted computing. 
AlthDugh we have had a major thrust toward consolidation, in the State 
of Washington, this is not the case. 

I sincerely believe that most legislators are interested in providing an 
Qptimum return on the investment of any resource. They are not really 
interested in being involved in decisions of what computing resources 
are appropriate for a specific function. They are getting involved and 
they are making those decisions because, in a great many cases, they 
just do not feel comfortable with the stories iht-y are getting. Seldom 
are they presented with a request that deals with a multi-campus or 
muiti-purpQse computer. Rather, most requests are for resources to 
serve an individual campus, an individual department or a single user. 
Thus, over time a lack of credibility develops between the requesting 
schools and the legislature, and the legislators cast ahout for a way to 
develop a set of controls. 

Most academic computer users might say. "thatdoesn't apply to me; I 
share my resources and I am willing to cooperate in use of my 
computers I have lots of e)camples of people who are not on our campus 
using my computer." They may be right, but how many have taken a 
mature objective approach to any statewide planning of data 
prDcessing resources and how many have ever consulted with the 
legislature to try to understand their concerns? How many have 
voluntarily used someone else's computer or contributed to the 
divelopment and implementation of a system on someone else's 
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campus. In so many casa/^. any solution !s all right as long as it happens 
to someone etsa. Maybe the legislature has some small grounds for 
feeli ng that more cooperation is possible. 

In a great many cases a campus or a user makes acase for a particular 
approach based solely on the biased analysis of a local situation. A 
desired resource is chosen and then elaborate steps are taken to prove 
that this is the most cost effective way to meet the need. In many 
instances the needs are not truly representative and the solution to 
mmi the needs has not bet-n selected from a set of viable alternatives 
Rather a desired solution is compared to one or rriore alternatives which 
have beenproposadbecfe^use they present the desired solution in a g 
light. Requestors show that they can't afford to use another schools 
fesources because the communication costs and cost of service on th* 
other schools corr.puter exceed the cost of their own solution Howcan 
one school be penalized by asking them to pay more than they need to 
with the handy dandy solution they desire? It is strange thai in over 
thirty requests for equipment over the pastlvvo years from universities, 
colleges, community collecies and state agenciesthe Washington State 
Data Proccsr^mg Aurhonty has not seen a single set of supporting 
docuntentation that eKamined the costs in light of costs to the state or 
cost to the tajcpayer The green dollars required to support the desired 
equipment are blithely compared to the grey dollars represented by the 
estimated costs of usmg an existing state resource The argument is 
rnade that both costs represent real charges against the requesting 
schools budget, and this is probably true. HoNA/ewer, if as much effort 
were directed to solving this bookkeeping problem as justifying a 
position, perhaps a more equitable solution for all parties concefned 
couUJ be arranged. 



Legislative Strategies 

To induce cooperation, each legislature seems to attack the problem 
a little differently and to be looking for different results. In Washington, 
the legtslature created a Data Processing Authority to establish policy 
and standards and to control the acquisition of hardware. A major 
thrust of the legislation was the consolidatjon of hardware and the 
development of appropriate common systems 

Some basic principles have been developed as the Washington State 
Data Processing Authority has implemented legislative strategies. A 
f ir^t principle is that, wherever practical, computer resources should be 
part of a network that provides the user with a variety of meansto serve 
his or her needs. When implemented Qccording to this principle a 
system would provide a user with access to any of the hardware or 
software resources m the state Thus, a user with a terminal primarily 
being served by an on^campus mini with BASIC, would also, through 
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the mini, have access to other computer resources or^ another campus 
or In Oiympia to solve problems that do not lend themselves to BASIC. 

Another of our principles is the establishment of centers of expertise 
at vanous campuses One campus becomes the leader in research and 
devefopment of C A \. They try the new hardware and software In 
support of C.A h and becorne the Introduction facility for other schoois 
to begin to use C A L As other schools develop a high level of demand, 
using the center's resources, an on-campus facility is installed -ind the 
center continues to be used for libraries and deveiopment. In this 
manner, a time-shanng center of expertise, a simulation center, a text- 
editing center, a storage and retrieval center, a vocationai training 
center and centers in specific disciplines, such as nuclear physics, 
business, language, medicine, and so on are established. Some do not 
proliferate to other campuses and others spawn multiple Gampus 
facilities In this manner, the state is providing distributed computing. 
Some resources are minlbased, while others are special purpose and 
still others are larger scale general purpose machines. 



The Washington State Network 

To make this concept work, there is need for an extensive 
telecommunications network. At present, the state has some 300 
terminals in a yanety of communication links, A plan is now being 
completed to develop an integrated network based on a hierarchy of 
dedicated circuits, polled circuits, multiples, concentrators, switching 
centers and intelligent communication pre-processor front ends. The 
legjilature seeks to create an environment that will permit the user to 
access any computer or any other terminal in the state. The network 
will serve terminals on thirty-three campuses as well as terminals in 
the K 12 school system, the state and locaf police, statewide driver 
licensing stations, district highway engineers, a statewide library 
network, welfare offices, forest protection sites, the state's liquor 
stores, employment security offices, and more than a hundred other 
users of communication based information systems. 

That IS one state's approach to distributed cornpuung an 
integration of corriputing and communication resources being 
devekped with a measure of cooperative planning and intended to 
provide a pick and choose super market of resources for the user. Along 
with this manner of providing hardware resources goes hand in hand a 
program of common application systems development, a statewide 
common payroll/ personnel system, a common library network system 
providing bibliographic, acquisition, circulation, serials, and locater 
functions, a standard accounting system, a common student record 
system for the twenty-seven community colleges, a common budget 
and budget monitormg system, a common purchasing system, a 
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common inventory system, a common business identifier systemand a 
common financial information system for the community colleges. 

Common miegratad data bases are also a main element in lh€ plan. 
Where appropriate, data management systems are used to make the 
data available for access and use by a variety of applications. The 
residency of these data bases is not important but the common data 
element definition and maintenance is significant. Data bases are 
under development to provide student records, human resources data, 
frsca! data and information on agency and institution missions. In the 
on-ltne library system presently in the pilot test stage, a single 
bibliographic data base is being constructed to serve as a central 
resf^rvoir for the outhor. title, subject and other details needed to 
describe a particuiar work. Thus, there will be only a singJe record for 
any book with holding, acquisition and circulation systems pointing to 
the record in the data base. 

It would be ir^appropriate to represent all of these iterns as 
accompiished fact, but for every single item some work has been 
completed. In some cases such as the student record system, the 
accounting systems, the library system and the payroll/personnal 
system, production modules are in operation. In other areas, we are 
domg the requiramenis analysis, in still others, we are in the design 
phase and in some we are in final stages of programming and tasting. 

In some cases, there has been a reasonable accepianee of the 
progam and there is a sincere cooperative effort underway to produce 
the product, in some cases, there has been cautious recognition of the 
program and * good deal of setting on the sidelines waiting to see what 
happens to others. In other areas there has been strong opposition and 
considerable attention to protecting on#i turf, Some things are 
working well; others are not. But. at lea^^i at present, we do not have a 
wholesale catastrophe or revolution on our hands. 

How does the Washington State Legislature feel about all of this? I 
may be biased, but I sincerely believe that the Data Processing 
Authority and p large segment of the state's data processing 
community are developing a high degree of credibility with the 
Legislature. Neither a user nor a provider of computer services can slip 
on the statewidij network of computing resources as comfortable. All 
must build an increasingfy solid image of mature* objective planning 
and implementation. Further, if an individual, a department, a school or 
a group of schools is willing to approach any request for resources in 
terms of a cooperative planning and implementation, with a sound 
analysis of the costs to the state, then the chances of the legislature 
responding in a posiiiva fashion increase with each instance. 
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Limits of Revenue 

The great majority of governmental units have reached the practical 
limits of generating revenue yet are faced with evaryHncreasing 
demands for services and support In the State of Washington, voters m 
local elections turned dovyn over 150 million dollars in local school 
levies, and higher education had its budget request trimmed by nearly 
50 milhon doilarsr A state income tax has failed three times in the last 
nine years and other proposed tax mcreases have met similar fates. The 
massage seems to be pretty clear "the taxpayer even with 
fi^presantation has had enough/' The pie from which you receivefunds 
for computing has bean frozen in size and you are going to receive a 
smaller and smaller percentage of the total Because many other thmgs 
share thasame pie and have more people involved, as people costs keep 
increasing, lass will be left for your computerbudget. At the same time, 
Since most of your computing budget is people costs and your cost of 
people keeps gomg up, you need more money. The financial squeeze is 
very real The simple truth is there isn't enough additionai revenue 
available to support the increased cost of the people presently on the 
total State payroll. 

How does this all tie into the question of how does the Uegjslature 
look at distributed computing? h ties in very directly Two yearsago^ the 
Washington State Legislature could support a program that had a four 
or five year payoff Today, the Legislature can support only programs 
that pay for themselves durmg the current fiscal penod because there 
isn't any reservoir of revenue. This is certainly not a popular view of 
fundmg for computing, for education or for any other governmental 
service, but it is fact. 

Perhaps, we all need to take a look at our priorities and reorder thern 
m light of today^s realities If, with distributed computing, you can do 
your job better with the same dollars, then the legislature will look on 
distributed computing favor^^taly But perhaps you should really get 
involved and play a part in looking at the overall use of funds on your 
campus, not to see how you can get more, but to become a positive 
factor in the determination of how best to apply available resources. If 
you can't see yourself in a total campus involvement, how about a 
statewide or a regional involvement in computing planning? Not a study 
for studies' sake or a study to delay an action, but rather a real 
contribution to as broad a program as you can mount. In this 
environment, distributed computing will find its own place and you wnt 
have mad« a nontribution to the solution of a broader problem. 
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by Thomas E. Kurtz 



Management and Policy Issues 
In A Regional Network 



As networks of all types accumulate axperience, it is clear that 
fundamantal diffefences are few and that common probjemsare many. 
The NiRComP e^cparience is fundamentally no different from that of 
other networks Minor differences arise from these facts; 

1 . NERComP got started earlier iH^n most, 

2. The disparity of equipment is greater than in pre-planned 
networks. 

3. Historically, there has been less central planning and controL 
With respect to the third fact, we recall the motto of Naw Hampshira 
("Live Free or Die"), of Dartmouth {"Vox Ciamantis in Daserto"), and of 
Harvard {"ivery Tub on its Own Botfom'% 



NERComP Begins 

NiRComP is historically one of the oldest regional consortia devoted 
to sharing computer resources. Its ancestor began at MIT in 1957 when 
a grant from IBM to MIT specified that computer resources en the 704 
be made available (free of charge) to New Erigland eolleges and 
universities. The arrangement lasted ten years, and gave a strong 
mcentive for the development of computing resources at a number of 
New ingland colleges and universities. 

In 1967 this activity, which for ten years provided service only on the 
MIT computer, expanded to include computer services from other 
institutions. In 1970 NERComP became a not-for-profit corporation 
with forty institutions of higher aducation in New England as its 
members (owners). 

Until recently, NERComP and itsancestof served as marketing agents 
for firs^ MIT alone, and after 1967 up to six or eight other supplier 
instftutions. The services i! provided were obtained from computer 
"haves" and delivered to "have-nots " In many cases the have-nots 
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were departments, individuals, or projects at institutions which 
possessed some computer capability but were not able to provide the 
exact service needed 

Around 1972 NfRCofTtP recognised several problems inherent in its 
style of operati n. First, n marketed time sharing services which could 
be duplicated on leiatively inexpensive mini time sharing systems. 
Second, its marketing efforts were sometimes in diract compeiition 
with those of its suppliers, some of whom maintained de-facto 
marketing efforts of their own. Third, NERComP w'as doing little to 
promote the exchange of computer resoi-rces "-^va^m supplier 
institutions. In fact, at that time its momDerin*ji.tuf'or^suoyldb>!dlw 
into two mutually exclusive subsets, suppii^:s, li'^id users 



NERComP Changes 

NiRComP perceived that rvo major changee were needed: First, the 
kind of communications in use had a strong influence on the nature of 
the services, Communicatipns technology was multi-drop freguancy^ 
division multipfexing in almost all cases. Although this technology is 
wall suited to retail distribution of time-sharing services, an alternate 
technology offers greater flexibility in dealing with RJEas well as direct 
computer to computer communication. While there are technical 
problems still to be resolved (some of which will be mentiDned later,) 
the message switching technologyisometimescalled packet switching) 
currently under construction will make computer-computer 
communication between suppliers relatively simple. It is true that the 
technology does not guarantee one particular type of service nor 
preclude another, but it has a strong influence. For many years we used 
computers remotely by carrying boxes of cards to the distant canter, and 
carrying back the printer output or having it mailed. This is still possible, 
and raiativefy inexpensive, but hardly anyone does h. 

The other change needed was a major shift in the organization, the 
image, and the style of Nf RComP. It needed to change from a retail 
marketing organi^iation to a facilitating and cooperating group, with the 
retail marketing being handled in part by the ten or mora existing 
university star networks. To assist the reorganiiation* NlRComP 
sought and fe-^eived a second grant from the National Science 
Foundation {NSH; A first grant had been received in the days just prior 
to its incorporation. 

The history and background of NlRComP have been documented 
elsewhere. The reader who desires additional information is referred to 
previous iDUCOM conference proceedings and articles (1, 3, 4, 5). 
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A Digrosaion 

Although this paper is supposed to concentrate on poltcy issues, all 
dafanderr^ of the faith and dogma, bear witness. I am about to utter a 
heresy. The EDUCOM dogma, principal number one, is that the ct ^ief 
itumbling blocki lo netwo^kirtg are not technical, but organizati ?nal 
and sociological. The CQuncil of Arlie in 1 972 formalized this dogma^ 
and ascribed it in stone in the good book NBtwarks for education and 
RBsearch as interpreted by the prophets Greenheraer, at al So, prepare 
yourselves, ye inquisitors! 

I believe thai the chief stumbling block to networkmg is, at the 
moment, not political nor organisational, but technologieaL Since the 
technical theory is well esiabhshed, the technological gap can be 
measured in dollars. To purchase or construct the technology needed 
for widespread networking is still very eicpensive. The major eKpenae 
eKists over and above, well over and above, the raw cost of data 
transmissron itself, at least at the moment. I have four theses; 

Thi' high cost of aft&rn&tfv^s to standard voice communmtionB. 
To allow general networks to flourish, speed^independent massage 
switching in some (orm is needed. Such services can be obtained 
commercially, bui prices are high and services limited to certain urban 
areas. Neither Telenet nor Tymnenet serve Hanover, New Hampshire, 
for instance. Nor have they any plans for local service to the nearby 
towns of Lebanon, Norwich, Lyme, or Etna. Similar technology can b| 
built, but rr.uch affoftspreadover a period of years is needed. NERComP 
is developing its own message switching equipment in an effort that is 
both costly and time consuming but for which there is no immediate 
alte/native. National networks need link only major population centers, 
but regional networks must serve the hinterlands. 

ThB high aasi of connBCtfng eMisMg communications front mna 
prQCB$$ors to networks mor& genera f than a phone fine or FDf^ circuit 
Most front endprocessDrs must be reprogrammed In Qf^er toconnect to 
general networks, but in some f ' ses they cannot be reporgrammed. 
Since institutions use their own software for front end processors, a 
large number of different revisions esctst. Programming costs have bean 
estimated at between ten and fifty thousand dollafS per processor. 
Whether or not institutions with similiar machines can share costs 
remains to be seen. It is one matter to build changes in your own 
system, and quiteanothertodesignj/id maintain changesfrom a group 

of similar machines. NERComP is approaching this problem by 
designing its network to replace existing front^end processors, if 
necessary. 

Thw high co<$t of chang&s to operating syswms. Most operating 
systems now in existence are not equipped to handle computer-^ 
initiated file to file transfers. Further, most operating iysttms lack 
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detailed access control mechanisms nmmmry to carefully delineate 
who may use which network and for what services. Lacking as well are 
the rtquiremenis for essentially instantaneous billing and accounting. 
Finally, most systems are not secure enough to permit connection to 
general networks and to user groupi of unknown constitution and 
inclinations. In short, operating systemsara not yet ready for networks. 
The costs which will be incurred to make them so are substantial. In 
NERComP this situation will be remedied only gradually. 

The high cost of high quality software products^ There is already 
enough software of reasonable quality to justify networking. But 
universities now realiie how expensive it Is to provide a well designed 
and debugged software package with documentation and user support. 
Computer center managers will have to spend time and money 
rendering their software fit for networking. Among NERComP members 
efforts have already begun, since they have had to face this problem for 
five years. 



Management Issues 

One trouble with trying to solve iha management issues is the 
difficulty of discussing them in the abstract. With only part of the 
eventusJ network operating, it Is difficult to know which problems ar& 
important and which do not matter For instance, if a new statistical 
system is to be offerred by the network, how does one decide where to 
mount it? The question may be moot or it rflay be severe. Once a full 
network is available, the problems may be resolved as they arise. 
Tachniques for decision making that do not work will be discarded and 
replaced by ones that do. 

With NSF support, NiRComP has organiied three advisory 
committees to discuss management issues and to devise solutions and 
policies. Each committee has a staff coordiriator to help carry out its 
work and to carve it denbefations into stone, The three areas are: 

• Organization and Governance {OGAC) 

• Ust?r Services (USAC) 

• Technical ITAC) 

Since each advisory committee is composid of persons from member 
institutions, the schools are closely involved in setting policies and 
procedures^ 

To illustrate management and policy issues, concentrate on the 
activities of the OGAC whose dellberationi will be included in a policy 
handbook. The first activities of the OGAC were to define the 
responsibilities of each person of entity in the networking chain of 
relationships. It identified four roles: Central Coordinator Supplier, 
Distrlbu* 4 User (See Figure 1 ). 
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CENTRAL COORDINATOR 
I ^ ^ 

DlSTniBUTOR < ^ SUPPUER 
FIGURE 1 - Networking Chain of RelatiDnships 



The arrows mdic^ste the direction of computer services The user is the 
endu%r^T ^ stndirectcontactwiththedistributor.whichmaybehis 
local ca npus computer center. The supplier is th*5 Site of the 
nardwaf- software be^ng provided 

The cnmn^-oe next ident^fred eight areas where responsibilities 
rnighl exist ::y include: 

• Network managerTient 

^ FroviSion of computer power 

Network operation and mP^ntenance 

m Accounttng and vahdation 

m User services 

m Marketing 

m Coord'-Mimg 

• Extra network activity 

The n^%\ step was to devtse a matrix of responsibilities, with entr.es for 
most of the eight areas. For example (since the fu!l4 x4 x8 matrix is mo 
large to include m deiaii) the responsibihties of a supplior to a 
nistnbutv^ m the area of user s- - vices are to provide 

• Seminars and support materials 

• Consultatmn 

• Documentation 

• Training 

• Other general support 

Details hke th.. amounts of these services that are obligated for various 
levels of support will be specified by the OGAC in further deliberations. 

!n thp resource chaming model NERComP is concerned primarily 
With the supplier^distributor relationship. Contfacts that specify obUga^ 
1,0ns are now m preparation by the OGAC for NERComP / ruppher and 
NFRCornP/distribuior 
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ThedBta/lEof the user clistrfbutor reiationshfp vvill be rifMermmed on 
a cast) by case.haSiS Many users are currently served by NERCornP 
n t;tTiher sur^piiers, and their present polfCies wHI carry over into the 
futuTH Only une requir./ment is conMiion ro ail usef distributor reia = 
ttonships Every end user must be a NERComP member (if an institu- 
ifoni, or bi? tin the staff at a rnember institution 

Users do ha^e respn-isibthties. fiowever hi addition *o praying their 
np'^vvork dtjeS- thny s^'O^ki parftCipate in lis^^r qft-.: " IiVitieS and 
f f-;f ram troni deahnp d;rr<uy with any on-' except tf 'esr owsi dt^i Mbutor 

^Sorne (he pf nr^ples which the OGAC heis deveioped are 

# Only tiistr. hutofs authuri/e notwurk ari>':;s 

# Distnbuior^ assiime finanuiai respunsihii : ties fur thetr users 

# A usnge renoverv p'.-wl shoiiid e^ust. 

• Charqes should be independer: of network ac :;f'ss pomt 

Thj' Of.;Ar: i^ijniinut^s to wor- un rate siructures. confra-;ts. and to 
recf)! 'iniMriU way-; to stjpporr the n^Mvvork initiaM r while ?uiffr: 'S kjwer 

In trie relaiefl us^vr Sf^rvices ar^fu. ihff USAC has developeci utandard 
H>rmH for suppliers In usf' >i\ desrnfnruj their software off^'f nus IterT^s 
covered include 

# Sfiftware ife.n ■^'escrfp! kki 

• Traminy aids unii support 

• Dor ufTientation 

• Cunsultation 



Unanswered Questions 

Whik^ prr^gress has beHn rnade and continues to h^- ^Tiadf\ even m 
advance of true network operation, thrrf.- are a numt.ji;r of irTTportant 
questfons .tot yet answered some answers will have to wait unirl 
s»?veral years (;f operatinq expMnenc*^ hrfve aGcairnulatefl. but others 
r.jn :ek!Fes^,efj now 

Wtiat orgnnizational structure best suits th(^ rnewgrking goals m a 
region? NERComP is a non^profit. ta^ ex^'rrH)t ccsrporation with 
institutions as its fTUffObers It has trustees, an annual rneetui!] 
institutional [trf'Sentatives. and several advisory comfTitttees Is the- 
the best structure^ 

How can fifiancial viatidity be f)rovide.'d to tfie central networKing 
organization? If it controls tl^e network rTiedium. it can support its 
a^:fivitie5 by extractinq a tax on revenue If it does nnl contro' ttir^ 
network rofniiufTi. th»' «. *aiiral n<awurk!ng r>rgani/af ion fTiust depend 
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upon as members honoring certain jgrefments of support. Furi.ier. 
how does the networking organizat cn obtain capital funds^ 

How Should network offerings be determined? Inmallv the network 
w.ll o*fer whatever ,s available Later it w I! have to face « uah issues as 
how tc evaluate quali.v. --.ther to es' .,,. nunHty hm.s: con.um.r 
protection: how to decide on new servio.. 'lO^. rr^uch to h. in lyen.,,d 
bv members' wish lists, and whether to lom outside networks 

Hf^w'should Hoftwfl e servK-es be stablued? What procedures are to 
uned for making changes m software? How far shuuld the supplier yo to 
,nsure that a particular system .iKvays w..ks? Obviously, suppliers will 
have to make long range committments reg.rdmg Stability. ayallablllI>^ 
reliability, and so on But w-i- are the defini.ions and iimit. tfiese 
W,-h most cor^putet .ipphcations users need assurances of stability U 
tak.-- several years for a new product to catch on 

rir-arly some form of contract to insure a reliable revenue flow is 
m.itiiy rie.iiai.le for planning purpose. Bu! how Stringent r^e.d they be^ 
Do we anticipate a large nu-"her of users' Do we encourage long range 
contracts at lower cost' 

O..:^ a „=.,work r^- running smoothly within a regmn. how is the 
network protected from its members bypassing their network 
, .;o„ection and - ekina bilateral arrangements' In some cases, 
m«mb-rs may he abU- -...^timi/e loeaiiy m this way but only to the long 
r.nre d-tr,ment <: — M.: -work organi/alion and ;u the region as a 
J^e. .^y put "How do we charge for faclita.ing 

sevice^s' Uues? Taxes'" ..^onf«7 If 

•'.^w »ar Will individual inBtiIu»ions go m entering agreements^ It 
there are cash flow problems, how Will institutions deal with accounts 
eceiv^h,.? -hey make concessions what will they want in return 
And how'r- ... ^'irect control of resources and billing procedures will 

member instit. ^ons insist upon? = h.,, «ppn 

How does a network o.rqani/alion reconcile differences be.wcbn 
,n.f:^Dns^with respect to charging, use of certain proprietary 
i„,H-n,!. prohlems or perceived problems w.a inconsistent auditing 
pfT-tice-' The iiSt o' .>h:ems and potential problems is |n.,y 



Reqardinq the Future 

1 hesitat;^ to predict 15 20% of campus computer center w.rk 
proces;ed t .rough networking in the 3 ■ b year time period 'mmediate^ 
^he ,1 is .' ,eWyaltdoes I would be extremely pleased as ■ 10 „iak,ng 
^..re on ■■networks Even this modest amount should have a profound 
!,pM,e the quality of instruction and research Above that there is the 
ch„nce of serendipitous event:, Perhaps successful netvvorking «n be 
a force to ...unter the almost Luddite attitude tr)ward educational 
,„chnr^ogy now conirnon m th. ayen.ies of the -ederal Government. 
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CHAPTER 8 

h\ . Wdlden 



Statewide Sharing Experiences 
In Washington State 
HiRher Educatior 



^'fj to sratewide hardware arv* 
,j Htghf^r E^AuLmion in \h¥ 
^rnbltj dmount of resource 
'jd State Agenctes, and b^nw 



= nfp..r,re resource 
^^hinctc- 
; between 
jie Agericies. 



Introduction 

This paper is re^tf 
sharmg as =1 rejisjtt 

Althougii a con' 
Highe^ EducffT 
these activft!' 
related resu 
insiders, it n 
are going on 

resources 

For ri vf^ry Driyf descfjptiori oi Hiyi">er Education m the State of 
Washington refer to Figure 1 In Washington there are two universtties. 



)0X described here Since the shanng of computer 
the State of Washingtor sornewhci! confusing to 
qiPte baffling to outsiders Many diverse act :.^s 
, yet Higher Education ^eems to be slowly des/e'npiny a 
^. t!on rf.?l, :!VH to statnwide shanng of cnmpuier reiat^d 



University of Wasiiington 
Washingtun State University 

Central Wash Scate College 
Easten Wash. State Collepe 
The Evergreen State College 
Western Wash State College 



Community Colleges 

Sf^ff} ffn/ini for ConjfTfi.nfty Cofff^yf' Educ^iihH} 

FitiURE 1 Washington State Hlghoi cfluoation 



Location 


Enrollrriani 


Seattle 


34,504 


PuHfTian 


15,613 


Gllensburg 


6,965 


Cheney 


6.390 


Olympia 


2, Me 


Bsllinrih^im 


3,601 




141,000 
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fnur state coMeges. and twenty aevyn cornfTi ,,'-!ify c^i'^egus whicfi are 
coofdmatHd by State Bonrd for CGnimufV'y Co;iegf5 Education 
AlthDurjii tn*' i':OfT^fTMif pt v roli-ujHB cif^ !o<";att;;^ throughout t^i? State, a 
rTVijonty fjf thf.'fTi liH m ihp dnns^^ly populatrfj SHrntio = Tacoma area 
Fiyuf*^ 2 ^fK;vv^^ th'j locoli'.^ns at r^M- two uriiv>;rs!tu;s ana iour stato 
cOtUry*/^. and /i^ciiOr -;qi.;ipn]f;nl on ncirh CaiiipiJS 




FtGUr^ i 2 College ^ind University Localions and Equipment 



Higher Education Computing Consortium 

In Jfjnuary, 19 7b, tho Hia' Uir Educainjn Cunipijting Consortium was 
fornnTi Df*f,pit^> [hi* fart that thn t«:'rm Higher Edijcntion ts uS^kJ.. this 
• 'nnsi M !:iirn Konsii^^ts only of fpprr . ntativ^^s Unm f^;:"jh four yriar 

!!ir;*f and iirivorsity, prirnariiy h! tfuj of Virs, --rri^.jdeni Thu^ ^.hf^ 
' .(r ruiriity uijilMqt"-. arr nut iru:linlj:)d alUHmwh a .'fT^prusentativto from 
.>;;. StatO Board ':jr Cofnrnuriity CoiinQo ^.ii-ii^iUajn iS ir . ifnd to attend 
MMfHinns fjf flu* CfHisf frtiur; Board ' Cjroup f^; . a fuN-time 
CoordtMj'of !^":atod in Oiy/npia, thn Stat*^ Ca^jiai FigiifH 3 shows the 
sfrdfinjff' of fhj» f;tjnsoftiUfTi 
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Higher Educatmn 
Computing 
Consortium 
Board 



Fiinclsonoi 
Advisory 
Committees 



Courdinator 



I 



r Technfcni I 
Conimitte8 I 



Staff 



\ 



Users 



Untversity and 
College j j 
Computer Centers^ \ 



FiGUM 3 Higher Education Computing Consortium 



□ 



The H.yhfir tducalion Computing Consortium hns developed a plan 
which ddiiEfta SKveral concep'ual opP'MC • s 

1 in th^. aMd..mic area the conceptual approai^h ,s to m..e n 
.uMn,nr,nllY ^.dn^ rnnge of s^r.w^^S available to eoch mstitution by 
p ovidinc .r: .:,, . off-campus resource, as an addition to loca^ 
rnsources, U .ke jdvaniJiyo of Specialized exportise and sttrviues, In 
^fft-f t a haterogeneoiiS n«twork would be BSlablished. 

2 ^Ac.ci.m.a tn>u:H ca,upuung will be p.-for..ed .t !o..V . ' mamr 
centers dBpyndrng on thfi of the |ob, a.id on the availability of 
hardware and n.nftware resourcHS ,,i,,rr<.H 

3 The diBtinctinn between hatch and ^nlGractive is becommy blurred 
.o that "=Dme":!pp!i.;at.ons rh^v use both ha'^h ^nd mwn^U.e 
nuwhuitifs on the sanu' Miuipnient 

4 hwr,HuyR anil mstruchonal time shmun) compiaiuy will be 
pprfrjrmed prifnarily on n;ini-corTiputf.:rs 

5 Serondar, centers will provide thonn resourcos (or access to 
r.-sourreHi necessary to meet the particular needs of an mstiluliQn, The 
r^souro.s w,ll ir.clude sySleniB analysts arni programmers to support 
.,n,nu. insntut.onal requirements as well as intermediate jica e 
hardware to provide access tn a maior cmter in support of local r„.HUs 
or to support other institu'ions 

6 in L adm,r.,U,„vo d,m ;voc.ss,ny .n., thn conceptual 
approach to providing additional resources cos, eff.,c,ivdy, ^-^-^^^^ 

- i un,ver-,ify se-vice center cnmputers accessed frorxi eacn state 



;:uM-q«-^ Ej^'; CiTi'.jg- wo'iid p^ovMj- db, ov^^n svsiMfj^s dnaiysiS and 
pi Oyf^fr r7-;ni^ '":\i:ritj^l.[ . w^M iiuppo^t for CQfT-r'-.-jn systefrrS 
Fiqu'-' 4 s'M;WS t'!^' t?<iSiC rr.fn^n ffr-Mnis of the coiieyos find 
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FjG-j-*H 4 Basic 


Comm)tfti«nts by Coiisgo'-i and Univ©fsities 



Shar, I mrrugh Specialized Centers 

(^Mf^rr ,1! w\ iisninqton St(H*i roli^Kje hns r»;l*^tiSfMj UNi VAC Spectrd 45 
.urM[)ni»'^ .jnd replo'^^^d i! >Vith h DEC PDP 1 1 45 niffitconiputf?r and A 

^ ^'C^^A iu\ r^>tHjr^r fjr,ntfM itM fi nn,* i Both (jf the^^e UuvtctiB dre used 
, .- '.'Mih-. fu W.-jsMsnqti tH Sx^w Univf^rsiry nnH the Univi?r^'tv of 
V / .rjiii \*jrnr; wV h i i M f 7i( ! s t ! >{ I hni r ;i( jf n ! n ist r^iTfV*' f^iS t .1 process my is cionR 

At pHht^TM VVrJshi Hjti;r) Gui!^? CojiHgu, whi(;h hris t?t"?on ciesignated as 
a f^-fitMr fur !,!rq^! mt^?f^if Jivi^ Xwrui shff ri? sq, Tf'if^y hnvfi a UNIVAC Spectra 
<V\ whrr;M h»M!U| frniru 'Mi fliirsnr] ()rff>!j,'r 1 975 I UNIVAC 70 7 
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FIGURE 5 -- College and University Equipment Sharing 

Washingion State University isacqutring its interactive services from 
Eastern Washington State College. In turn< Eastern Washington State 
CoMege has started conversion of administraTive progrr?ms and will 
install a REMCOM 4780 card reader/prfnter terminal on Nv^wamber 1, 
1975 m order to start subrn i it ing ad mm i strati vo jD-is to the \^rjShington 
Steite University Center. 

The Evergreen State College h .s a Hewlen P-nkard 2000 which iS 
used to provide mteracuve BASIC on campus. They do most of tht-ir 
administrative data processing at Washington State University by using 
a REMCOM 4780 card reader prmter terminal, and submit some 
academic jobs to the centers at W^ashmgton State University and tne 
Unsverstty of Washington 

At Western Washmgton Stale Collsge, whfch has an IBM 360/40 
and an IBM /Q94. some users access the University of Washington 
academic center for large or spi:ciai»zed aca^^^mic jobs, 

Washington State University faculty rn l graduate students submn 
some jobs to theUnrversity of Washingto. ^ i^H=^n :c computer. To date, 
most have run already developed progfcv .s f ' -j CDC 6400 to avoid 
conversion to the IBM 360 at Washfng.;.- .n-Jte University. For 
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jnteractiv^! BASIC. FORTRAN, and COBOL, fnrulty, grcuiudtu HtuflHnts. 
and Ht.iff cJCces^ tn^^ E^istHrn WabhingTon Stat^^ Colleqe coniputer 

the university of Wc^sMinalon Vv- Artuiynnc CurfTputfrr C^'ninr hi^S 
an inff-?gf."U^cj systefii consisting (jf CDC 6400 .Knl CDC CYBER 73 
The Administr^itive ConiputMr Ct^nif^r h.i^ BtirTouijhf. B0700 with two 
centra! proCMSsing ur^its fr? dvf.);r! ;.;!.?nyerstf jti faculty ;]nti graduut^* 
students submit some lObs to Wabhmcjtofi b!eU^/ Univyrbity, prirTiarily 
previously developed programs whicM run on the iBM 360 Sonu^ 

f:jCuUy t-U' Mt'di" S.;'^'U>I Ut;!:/^^ C^^ ^'Uil't;e:^ at VV^>s!^*fn 

Washinc|tof' Sttite ColUnje 

Although Washington stnti? noMegf^s and univtirsities have made a 
^/art toward the sharing of hardware resources, much less has been 
a^:Compl!Shed reiatiwe to common systems To r-ny knowledge, there is 
no Ccimputenzed common system shared by ali pubhc col leges and 
univffrsities fjithough some t}iiaterai transfer has occured The 
Evergreen State College Financial System is mstalied and hemg used at 
Central Wasnmytun State College Tne Washington State University 
Far-lities Inveniofy System was transferred for use by The Evergreen 
State College, and o. Research Grant Tracking System at the University 
fjf WashMngfon been adup: d for ijse by Was^nngion State 

U niversdy 



Community Colleges Sharing 

In Washingtori state the commLinfty colleges have formed twfi 
consortia to utih/e computing equtpov^nt located at Seattle and 
Spakanf^ The Seattle Center, witfs a UNIVAC 90 60. and the Spokane 
Center with a UNIVAC 9480 each run twt3 nnijor administrative 
systems The Fmancial Information System and the Student 
Information System arte botfT on hne systems wriiCh utfli/e a separate 
Data Base Managemer}! System Figure 6 displays the iocalions of 
community colleges accessing theSt? two centers 

Ihe State Boarti for CoiTifnonity C(jii^*gt? Educattori has {fev^dop^MJ ari 
ej^tensive plan for com()uling and Hata processing in the corTununity 
colleges Under the aegis of the board a number of committees address 
nearly every asfnu;! of cocnmi unify college - urnfiuting and datii 
procHSsmg In 1975 there appears to be good ccjoperation among ttie 
commiin^ty collfiges <n implementing this plan wh^ ch would have t^ie 
tjun fTiofiity f;(;flleges use the Eastern Wash n^v^on State Coilegt? 
Interactive Center for ifiteracttve processing. diM WashmyTon State 
University Service Center for remote batch prnressing. ai^d ttie 
Spokane and Seattle Centers for major commijri on Ime systfeiis 
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FiGUnE 6 Ccjmm unity CDi!^:Kie Consortia Patterns Oi 
Com pu tor Use 



Cross System Resource Sharing 

Som^^ shrirtfiy flfjfis occur between the community college systf^m 
anri Th*;;! \:)ur year cnlioc)HS ant1 untVf^rsilif'S in the sttiijR system Nearly 
fnijrref:^ CMmrnunity run!;-:jMS H.-sjuifH inttrrfitivu BASK: frofn The 
Ev?;rqr^-'^-n Sr/Hf? Colt^rq^ At thtj bH!fU' laTiu tvvu c.f jfrinu/nity nolU^gftS 

fJO'nputifHj. Hful tw^^lvr' G<.?fnnujntty (;(j!lMyMs .jrc HSS tin* W.j^hinyt'in 
St^tH UniVf^rsify Ci^nU^r vui {MrMitfurls Sr>fTU! of thf-^o cir^^ lovv SpOtKi 
tHrminals m unit'.r t(< ^upp)h'fn»>,-t th^^r I(.»ch! Houjt^rnic corTiputi ! ;C| 

(.riffi fM.ifjj'r pr!nr»>r ! f 'f fT5 i Hd I s Of m j ni - corTip ulr rs to (jo all bcHch 

t!:H r:f .oifTuj/iitv coMnqo u^i'J'P^ of colM'cp'S ;ind iiriiVMr f^ifio^^ 

As t^^^' ^Hijr ys^'.'ir !:fi!io(;M ^^ystf-rn smn!! nnunsnt f^f sy^ ^^mti trrinsffT 
h:}s Hiso nciujrrf! j Th^^ Finafifittii Syst^irri of Thu Ever;^f ■^o btat*^ CoilH(j«> 
h,fs i)fr*^fi srvJ.iH'-H hy F(jrt StntlaroofTi CcifTiiTUinits ■ fipq**. OtympM: 
(> ,:r!fT)iJOity Coih^qf? onrj Lowf^r ColuMihwj CornfTUjO-*' ■ VJ'^n^f Fort 

<);i 
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FIGURE 7 - Communi*- CoMege Use of College nnd 
University FacitUiss 

Stuiit ; • Offi CorrMi;unity Cf.nieyH is using the UnsvrifJiity of Was[ii^"'{jt:)n s 

Related Statewide Systems 

In tnf^ State of Washington on line Lfhr^iry System ss bf^nq 
^iHVt-iooed for fill libraries ificludKUj HC^ififMni?; hbrHnes Pl^inned to 
inciufU? nit)ifuyr£ipiiit: irviftJi .ii.qu;:>!t:tjMS. lUici rirLultHtoii uiihsyst.Mns 
for iiW huldinys in the St^r- Lihrfiry, thfj Universfty of Washington 
Lttv;Ky. and the Washmgtnn Stare lJn«vHrstty Library, tfus y\t\\\ be a 
Cof'inion syster^^ for shnnng msourcf^s in High^K EduCcUion, and wUI 
also Hm by thp HtrHe citv .^nd i:olhUv lArTddti^ 

A cofnrTiiin pMrsonnf^ P^w^^ol! Syst^^m is nlso being developed for 
stfiTHWidt' ir^f- By atturnpiinq to incur pOfil?-? th*- r ffquirefnentH of al! 
state .iyencms and tfistitutions into the new sysUMe, state designers 
may not be abte to develop n system w^^^ch ^'vii be nnreptahle !o 
mstil jfJon*^ of hit|ie^r eduoation However. few.T syster .3 wril be in 
optircftiori thrin fit fsr 'ser' Mtghor Ed^jCfHten may weil be usmg Ofse. or 
at fTiost !wf) vf?rston. v ho system now be.nq developed 
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CHAPTER 9 



Experiences in State-Wide Sharing 
In California — 

The Uiiiver^ity oi CdHiorriui 

Introduction 

Jhk' Cohtornt:} M.ist^^r Pi^jH for High^^ Educatiorr ^tcjopten in 1959. 
assign«^d speciab^ed funcitons to eac^* of the three segments- higher 

grfiduate And {jf -f^^ssionnl ^jdt jCc^ tiun, research, and medicme and law, 
in addition to appropnatff Lindt:Tgraduate program The state 
coHt^ges the Cohfornia StritM Untvnrsity and Colteqes) wouki 

ernphasize undergradutne and rn£istf?r's ievt^l education, with a hrTstted 
graduate opera tiorv tt^e conununttv coMeges would provide vocational 
protirums for those who did not wiS'i to go further, and prepjratory 
programs for those who wishod to • nnunue their higher education 

Each o^ the seg merits has de*^P loped .in organizational s?ruc'ure and 
supportive 3ctiviT = es opp^opnate to its functions Asa consequenne, the 
computing activities of esch seciment hav ' siynif ^:int dissimdarities 
re ! a 1 1 ve to trie activities of t he at h e rs T h pa pe r r < . i e w s 1 1 1 e a ppr oac h 
to .'nmputinq vvithm the Une>/er^?!v of California This may compared 
With the approach within Calif or ma State University and Colleges 
described by Dr B^kef m his paper which appears m this volume as 
chapter 1 0 



Computing Wtthin The University 

Witfiin the University, past emphaf^is has bt^en on carTipus computer 
supplemented as necessarv -fy specialized computer facilities 
Inti:^ fjmpus sharing of cornpuiirsg capatniitieS hu; oeen reiativelv 
rntnOf In contra^d. future emphasis iS expected to im on fv ^working to 
more fully share fjJCi St I nq and new capabiii ties, and on niore and smaller 
mm'cofr^puters to take advantage of the suhstantial advanceb m cost 
effectiveness which are occurrmg at this and of the cornpuier scale 
ThiS new empf?asis reflected in a statement of Go^/s, Pahci&s, and 
Phm of ImphuDtHU jtion for C ..n^puuntj if) tht* Um^trsni of Cnhtorniii 



ideas on vwhicn th^^ Universsty staternent iS b^Srfd 

^•narnd bv Systeniwide Arjminfstrdtion ar^id th- cnmpuses SptCific 

^jupf cpriateiy narri.Mi out : ; su[;rKKi tru> yu^is uf iht? Uniwerbily At ih^ 
^,v>;tHmwide l^iVi-/! t^-'^ft' is ri ConipuUrr /^^cMicy Boa'-I wrnch advi&es the 
pyfiSideni on an pnircv --^rjiters concefn:ny cor; put r,a m !h^' UntvefStty 
tne Board =s co^iipt -fd of a ^en^or ODerating o^t.-^ M O'If ^^?r-' i:^in = D^'S, 
i ^^wff?ncf? B^^rk^MHy L:^noratory. LawrBnce Liv- - -^^k^ Laboratory, ihB 

!"-. ,.r-- ■ .* - - S-'^^ '''' (;, -.r^.M^ >'r.-.. , , ju!Mr pMl.;:y. tMm 

Vice PfosHlHni Bus(n,:^s unci Pinnnc^v .ind the Execul'vt? Director at 
Computinq Th^ fwD Cai:forn!;f ERDA lubof aion^?s arn represented 
Decause ct tne significant interaclion m con^niTing. noifi curf{;*nt and 
proposed b-^tv^Of-Mi ihq campus^^S ^^nd the kitjo^atortes which are 
opf'r.WHcJ t'v h: ^ Universdy ^or ERDA Ab tht: Prei^iden? ^srabiishes 
r:on)pu?Hr poHCff--^ rhf^ Board ss reHpOr^sibU^ for ■-n.-^tormg their 
opfffatior^ ;mrl providing advice on necessary cHanCi^^i^ I'tie Executive 
Dif.-C;')?- of ::.;nH;ution ,S fr/sponsibi^^ tor ;rT:p: = -V'--:: ^fHS/dfint r^ii 
computer pojiriMS at th^? sysr^Mfi widM loyy! Htsoffic^^ 'sn provrdes Staff 
suppor? 10 ^he BocKd Eoch cafTTpuH also has afj jdvtt^ui^y mecharnsm to 
.Klv.hi:; iih Char=inMnof. ond the LcOnpuf. coni;njter centor cbroctor, on 
campus computfpq rTiattefri. and to provide an efft^ctive interface for 
i^'ipienTentsnq ^ystomvvide policies avid standardH on the campus 

Proposai^ fur iarqe equipment and software acquiSiimns (those over 
SI 00 000 m cost) arf* rev^-wed and approved aitne sysTHniWide level .n 
■ iddition to required npur, level aciions A!i coiTiputiny m tr^e 
Univer^fty ii, saf ^^eyed anrHjany by the Executive Difecior of Computing. 
B:*s^Ki on ?fiot survf , inri on fOf'^rini erjuiijment chanqe proposals, the 
3oard revif^ws not omy tr^e ap[^!"Oprinteness of equ;prrient, effiO^enoy of 
upufartor^^, adrn-.-^:? St:r>.i..O. a!5j^ rnns:d--s o^r* 

reoornoiends assiqnfnfnt uf responsibiiiiv for pfov^'''oq required 
Sf^rvtces 

Thm ^ivailahl^' orqa-i/afifina! options tnrlijde the ^olinwinq 
0 o r,i/M-"/?Mf r^'f.t^'f\ ^//hn >^ rt'port !. ^ ttan: pus if^oroiU'Mnenf 

mO f-::vfd^^ .'Tvi .F = s prwrioniv h* a seiqi^' onn^p^j' Trit'y provid*^ 
s^>fVitj^;^^ to othf^r r;oii^pusHs fMther ori ^as required as 

, ^idahi^^ ' basis or ttnder a chrtrie^ oh^aioefl frofTUhe Computer 
'* V Bn.irpl spi-- fvKio r^^rffis anri rood. fifjns of oe^Min servfces 
|tf- rOh^rMO isri sysOM i! hasis avaiiat/iF- to H!i Univt?rb!>V 
f.ujarfiies'. of h5r,ain>f^ vynhr)u! pno- or ^ervioe 
di s^r I* ■ ■ ma! I nn 

• HvS(r>fri,vaff' rr^noofr/ C^^f^tf'rs yvO:,:h provul- ^prvtres on a 

s v^aeri'^ Vv if j'? basfN 
m S/)e(..f'-' -V f;n/?V'^^'^^'' f,irilit}*-> v/fuch pnrfcirrn sptr;0!a!;/»;d 
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services for 3 liniited class of users. E)(a niples of specialized 
compLJting lac f iilie^ inc lude not oni vcompLi lers nss^cia ted sA/ith 
scadDmic dep£3rtin#nts . resear^-h units , anci pjrfjjects, but also 
larger faciliiies suc-h a s these at the Univefsjty tiospi tals and 
Systernwid e AtJ'Tiirristraiion 
• Inbor^itory CorTiput^rC^nte rBnt tht? ERD-4|3 boratDrt^s vvhich are 
ava liable to ca fTipu s users iind^r sfJC)Cif ir te^rms ari^J conditions 
mu^uaiiy deve^ope^l b*/ ERDa.. laboratory management, and 
Systernvvidt) A^rniri isir^iion . 

Th e University cu f^en^ly Nas a pprOHirntiteH 46O computers on its 
riine cam puses a nd 1 fiSy^lerriwideAdfnir^istatiQn representing annua! 
expe fidii urns of appro^irT-^ate ly S2J m ill id n inckid an a llo^A*^ance for 
equipiTieni aiTiortiza tiori, Thi s do^s r^ot i nclyde the ERd^ laboratory 
cornputers Approx inuit^ly SS'^'-e U nive rsjtv ©^(penditures for 
compunng are mc^ifrcicJ at the c£3rnp us coftiputef centers and 
Systeftiws*ncj@ Alnnin! strati VQ^aia Proc ess f ng{^DP)compij1er facilities. 
The refiisinff^g 45^% are e^cpencfitur^es for Ljse cf other specialized 
cornp'Ute rs Func tion ally . approxirriat^'y 1 5% of tne tolai expenditures 
^re for insrructiona J compLJ ting, ZB'^o for syste rn\A/(de Bnd campus 
.^dmi nistraiive c-otriputin^, and for rese^arc S ntert^am pus use 

represenfsa^out 3?e of cf^ftipuscomp uler conler revenues In addition 
totROA Work run on th^ latoorarery com pule rs yea mp us personnel 
vvith a joint appcint ^Bn appro^cima tely I850,q€0 of other campus 
computin g is rur^ an Jiual f y ot the laboratories 

Theniain com put e^rs a Mh^ ^^a rnpus and A Op canters ^re listed in 
F'gure 1 . 



Location 

Beri<eley 

Oavis 

Irvine 

Los Angele'S 
Riverside 
San Diego 
Sari PrsnciScD 
Sanie Sarfc^ara 
Santa Ou^ 
Sysl6rnwid« aDP 



PiCURI 1 



TNe University 



lyfroLjghs B670O 

Kem Sigma7.DECppP-10 

IBM 360/^1 

IBM 360/^0 

BuffQLjghs Be^OO.CDC 36O0 
IBM 3eo/&o 
IBM3eO/TS 
IBM 360/^0 

IBM 360/6 5, 1 fiM 360/40 

and Sy^temwide ComF^ter,? at 
of California . 1975 
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The ma in computers at the ERDA labs Brf3 all CDC: Computers 
available at iBsNreme Berkeiey Laboraiorv. Lawrence Lsvernnore 
Laboratory and Los Alamos ScientHit: Laboratgrvare listed in Figure 2. 



CDC 

Compuler5 _ 

L^bi, 66&0 7600 Cyfeer 73 Msr 76 STAR 

LBL 1 1 

LLL 1 3 1 1 2 

LASL 2 3 2 1- 

FIGURE 2 -^-Conipuier s at Univeraity Ciilifom ? ERDA 



u 



Laboratories. 



The Univt^rsity s computmy plans rucogmse the {ncreasing 
impoftanc^of networking and mmicofTiputers the former asa means of 
utiliiiug and. hh^riny current facililips. both tntrainuraliy and 
e^tra niurany nnd th^' latter as /i menns of capaaiiFmq on technological 
advances 



Data Cornmyriications 

Data cornrrnjnicaii^ns in theUnivefsity -^re earned outinthe context 
of oiher University comniunic Jtsons requi rgments, particularly for 
telephona and television traffic. The Inu-fcampus Telephone System 
^hich connects ail ca.rTipuses,SvsterTivviLVd Adrn( 
other selected locations via dial-up ss currently available for data 
communications, as well as voice traffic. The public telephone system 
is available as back-up and for off^network connoctions. Inadditmn. 
there are specific leased lines dedicated to data communications 
inclutiina a 50KB wide band line betwaen the North and South 
Administrative Dat9 Processing Centers a fsd ten additional 
(ntarnampysnarrowbandleasedhnes. It isexpected thatthe nymtjerof 
dedicsted lines will increase as mtercenter Msage. both interactive and 
batch, grows. Such increase will be signif icant in all application areas: 
instrLic^ional research, and admlnistrdtive Hox^aver, from the 
starvdpoint of bandwidth, the most dramatic future increase in 
requirefnents wUI probablv arise from iraffic generated by shared 
administrative data bases throughout the Umversvly. Consideration 
wvill be given tu implementing a Universitv micfowave network 
multiple^-^d to accommodate some combinalion of data, vorne, and 
television traffic. Packet = svvitchmg will be considered m heu of 



rrujiiifji^SKed cif cuf^s iw faff uw bandwidth intfif campus daia traffic if 
%^rv,.z^ becomes av^iiabfe w^uc\\ -s rr^o^e cosi-eff €Ctivd and more 
UBtu^^^^^.^^ to both host ana user tfian currg^nt^' ava liable packet- 
-swttchfng ^3e7ViCt*s Ohb such possibfhtv maybe tfK^A.TSS-=DS network 
be . ng ct/iiv elo ped d v P T & T or f h e Ch ?f of n D f^p r t m e nt of G a n er a i 
Servr-ce'S, Cof fnrnurucai'i ons Divis*on 

itn addi^j'on to *t5. in.ii^jrna,! data communics liens capabnjties. the 
ijinwetsi'iy plans i© parthc?pat;e in EDUTviETag boih a use rand supplier, 
as wet! ay tC>contvnuy to pari' ':fp,i)tfi? in ARPAN IT Ext rnmural drafup 
traffic on the reft^phane und Vi^' fae^adde'l neivvor kS: ^jlso v^iH CDnimue at 
a i^v^l cominnenpLj rate wuh' requiremenis 



In ^975 apDro^inv;HH!v87""^[. C't the University's compuTers cost under 
Si 00.000 ThQ\r as'H::jctriiDd ar^nual costs re prasen?. approK.i mate ly 26% 
of the tota^ annual cut^is fo ra ^Icoinpuit^rs Asth^ cost of rriinicQmpu ters 
dec re* .1 Sit? ^. rhey ^ife be'corninti cost -f^'f fecttve for rnsnv computer 
BQpt^i^^i^orn in the U niv^er sit y that previofisfv vv'^re flppropriate^nly for 
mu hi programmed large ciomnutefR This i-v. of coin se. noi foreseen for 
all app5tca!iions Far exampHn. i^rge daui be^^^es and e j^tensive a nalyttc 
onlcu^afitom. wrli generaUy no! b& appropriate kn^ minicomputers. 
Ne'veribp^less . u is exp^scu^d rhai arj increasing portion of the 
UnfveTS^l;y's cor^puisrip wHI be done on rriinicanfipLifers ManypftNese 
\!i,'i\t be por cable computeFS^ sorno costing lictSe as $5,000 to 11 O.OOO 
each m quantity purchases, but capablie enough for manyinstructjanal. 
rn search, labor story, and ad mrntstrdi: iv-a ap pi i canons, thest 
''p^f sonar' mm jcompy tfis/s wHi- ats-0 serve m interact iye and bafch 
termfVials for accessinig, teirger m in? computers and th^ computer 
ceniers. and are axpacted to e^jart a stfong in^luervce on. the future 
sifucTufe of corriputing, ;n th*^ Urnvefs^t^. 

Systernwide standards for future minicnmputtir acqu?&iiions wfll 
stress software cofmpatsbi' iity art'd sharing, i!ast a^itf toV'/ cost 
onainten.ince. nfexifiUity for ?ermmai use. and translerabnitv among 
users WfiiSe there wfull substarHital opefavsonal and cost advanisges 
associated w/Uh standardised syf.i€nii, m the UhtvBfsi'Sy envifonrfien! it 
?s e'speciaHy important that sianrilardFi not preciude use of morecost 
aff'^active or necessary syslerns paf^icular ai,pplicai)On3. including: 
providing varied instructional, research, and OjoeratiorTe) expintiice 
s^ith dit'fer.efit computers Soirne off the campuses ara e>fp^fitad to 
Tiiamtair^ proofs of f^micomputeifs lor shaft-tefrri iD'an ta users aftcf for 
reCfrcyiatfr^g uems nolongaff reqjifrediby their pr-evfous usars. The first 
systeHjvfvid€ coritfacts for rstandsrdi.irBd systems are i^jripected to be 
negotiated KlunngiFy 19 76 7? bastad'ornndustry fepf^es^oa re^quesf for 
^nformatiOfn no be put out toy nhe OnivafSity jn 1976. 
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Addiiiona! factor sin ihe^ UniversiTysappr'aach minicomputer^?! are 
dascrjbedin da^a^i by Dr. Newton in Chfapter 5= 

The Univf^r^ttv ^ .evolving cOfnputiRQfpoiiCu^F place n ma pos^:cjfe to 
^aptiahze on th^ oDp&^t^mtt is oisemed by minicomputers and 
netwdrkiny Funds are anocaieci m mat^mdual ca-mipusGs, amd each 
CiianceUDr, in turn. aiVocates the-rTi NA^rn^it in uhe camipys Use^sthen s^ek 
ihi^ most eff^ct^ve so^jrce -of supply EmbaTgQ&s Bm dmmumqed m a 
f?^atter of poljcv and sHanng of reso^urces m- eneouraged. These 
poiic.es, in the conm^ of tncre^^se'd ^vailabr!'!!)/ of miiN)cornpu^a^^ and 
netwof^-nq, should hawe a si^bs^an^jat jmpact on fihe rote of e^ch 
cof^^^uiM i-enWT Corr^pum mnms nornna^/Y ^rpctwgs litniifr services 
on a fui! cost recovery, serviced ^mndered ba:3i5 Tiveirefore. if income 
and .expenses are to b^\mc@. each cenier nrusit sp^-;ialize m vvhat U 
doAs whJ] and be B\m6 to rh- reqy iremenEs mr ihose services. As in»& 
occurs, the rofe of ih^e mnicQmpmer and the netvwork '^ill be further 

If* order to avoid a conflict of snm rest flls espeC5a!iv tmoorrani/ tnat a 
cent^^f dirprfror's perf oftnionce be evaiuat^id not only on the mnatni 
operation nf the carnpus computer center, but wow inportiintly, on 
how w^* II the c^impus' Qv/^rall co^mputmg requrrement s ^re satisfied 
from^^vdilabie Sources w^th available hinds A ceritBr director should 
not only be charged vvith the effjoiBnt operatiion of f^m on-gomg 
enterprise bul shiould be e^cpected to r^commentf and arrange fw 
othef ^omPtimes comp^ming sources of corripy^uig frorn among /other 
Cfc-^nter-. ^or o^jriiconipytefS. As cjmpus computer center directors step 
,nto thfs broader frole. n it expected mn they will perceive' the nevv 
iframewworkasa w^alcorneopportiinity^Apos^tive supportive attaude by 
allparticipanrs. inciudtrig yserB. asv^'Rli asdrrectorsand th&irSTaff,^sa 
key e\>en)&m fTiaximirmg the benefits aftlorded by the evolving 
changes 
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CHAPTER 10 

by LAURENCE BAKER 

CSUC Coinpyter 
Resource Alternatives 



Biickg round 

Th^ Cal^^fornja Administrative Code states. 

The pfjmary function of the California Stale 
Un-iversity and Colleges ICSUC) is the provision of 
insuuction for undergraduate students and graduate 
Studenis thfough the Master's decree Jn the liberal 
arts and scierices^ an applied fields and the 
professions, inefudmg the teaching profession.' 

The Cafiforn ia State University and Colleges which fncludes nineteen 
carnpuses distributed over one thousand miles and a central 
administfation, is governed by a Board of Trustees In 1975 there are 
over 290.000 studenis enrolled and close lo 20,000 fac.uity= 

'During the 1 974-75' academic year, The Canfornia State University 
and CoHeges graduated 4S.0O0 students and awarded 8,708 Masters' 
degrees. During the same period, the University enrolled 225,797 (FTi) 
undergraduates and 39.31 9 graduate students, Six degree programs 
involving 73,762 students require particulaflv heavy computing 
support, fn addition, faculty has determined that art majors in the 
fonovvrng degree prograrns require considerable cornputer skiMs. 

# BusmBBS Management (15,725 studerirs) 66% moderate 
exposufe, 34% Iniiensive exposure: 

# Computer Science (1.275 students) 100% extensive and 
intensive exposure, 

H Efig/neenng i^l^ ,B%B students) 30% moderate exposure. 70% 
intensive eMposure, 

# MBthemattcs (4.831 students) 28% nioderate exposure.60% 
intensive exposure, 

m Physicaf Sciences (5.489 students) 33% moderate exposure 
68% inieris!ve exposure. 
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# Soctnl Scfences (34.448 students) S6% moderaie exposure 
1 7-'d intensive exposure 

In nearly all other areas of the Uniwef sity some degree of computer 
utiiization IS essentml for some sttjdents m order to be trained in the 
appropriate tools of thesr academic mnjor For example. SO^o of the 
education popufation (36407 students), require some exposLire to the 
cortiDUter. whUe 2% require intensive computer trainmg. 

As agreed upon by both faculty and admmistraHon, the role of 
computing inThe California State University and Colieges is to satisfy 
th« instructional requiremencs described andtosupport those kmdsof 
adminfstratfve processing necessary io- properly manage the individual 
campuses and the system. ^ 

it iS fully recognized that increasing enrollment m disciplines 
requiring intensive computing support and increasing computer usage 
m most every other academic riiscipHne leg , Biology, Agriculture, 
Grophic Communications and Urban Planning) WfSI result in rapidly 
increasing demands upon our computing resources. Although we will 
provide the tools nacessary to support quaiity ana competitive 
education vve do not intend to be at the forefront of information 
processing technology and affect the state of iheart m thisfield. The 
Office of Information Systems will select iKeseways of satisfymg our 
computing requirements w/hich are most cost^effectiveconsistent with 
reasonable service to our users. 



Strategy for Exploring Resource Alternatives 

The central administration includes a Division of information 
Systems (DIS) charged with coordinating budget preparation, policy 
and pfocurement concerns relative to compuimg. This dmsion 
interfaces with the communiry of users in the CSUC which can be 
ctassified m four groups 

m Instructtonaf Faculty 

• Academic Administra-tiQn 

• General Administration 

• Faculty Research 

Through an advisory committee ^^hich includes campus 
repfasentatives from thesegroupsas vvellascampus computer center 
difwlors. policy changes, budget recomme ndations and procurement 
plam are reviewed In addition a variety of informal cormmunications 
exist! with earn group, individual contacts, special interest groupa ad 
hoc commixes formed to satisfy specific f unctions, and user surveys 
designed in^pwrnna trends in user requirements. 

Represer^mtives from each group play an important role m helping 
define' and quantify short^ and long-run systemwide computing 
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feqiuirements. For exarriple, asa result of cooperaOve efforts by campus 
representatives and the Division of Infarmation Systems, we have a 
piannmg model to project instructional computing workload. Using the 
model, instructionai computing workload is projected as a function of 
number of students by major, computing skill levels expected by major, 
and number of problems required of a student in order to reach a 
specified skill leveL 

To augment this model, the Division has also surveyed a cross section 
of employers in California to get an estimate of their needs for 
manpower in computer related skiils= 

The Division of Inforrriation Systems has taken three steps tobesure 
we have considered all the alternative ways of satisfying CSUC 
computing requirements^ 

First a document describing e^ipt ing computing faciHtiesa nd present 
and projected demand for computing support was releasediocompLJter 
vendors with a request for informail!on= Each yendo/ was asked to 
describe how CSUC should satisfy projected computing requirennents. 
This request motivated vendor interest. 

Second, a draft of the Electronic Data Processing (EDP) Mlaster Plan 
was released to campuses asking for their comments. Responding to 
proposed plans and priorities, campus replies outlined concerns, and 
made alternatfve suggestions and proposals for changes in priorities. 

Finally, CSUC became a member of the EDUCOM Planning Council 
on Computing in Education and Research. 

As a result of theseejcercises, <he alternatives CSUC has considered 
include: 

• One large gene^fa^ purposB consnlidar&d computing faciiity 
serving all irtsttructfional and administrative users via a 
Communications Network. 

0 A d/str/tuied genera J purpose network of campus and one 
systemwide data center supported by a communications facility. 

• iight limited general purpose regional centers supporting twoor 
three campuses each. 

• Dece nt ra fi^ed gerieraf purpose campus ceriters. 

• A disiributed hierarchical network of campus and systemwide 
data centers including a hierarchy of computing resources 
supported by a cornmunications facility. 

• Commercia/ seryices to support speciajized requirements. 

• Contract services from other universities. 

General cost categories have been included where alternatives are 
considered: hardware, softwvare and maintenance; communications; 
personnel; site; travel; and utilities. 
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The ieveis of compuiing hardware resaumes considfjrecl havH 
inciucJert 

• Large general purposB systems 

# Mediurn scale sysiems designed to supporit general purpose but 
more speciahzed operations. (B,g.,Bntch and on-line sysiemsas 
dtsiinct from timesharing) 

m Medium^to^large minicomputers 

m Inielligent terminals and personal computers ^microcomputers 
and minicomputers}. 



Effect of Institution Size on Strategy 

After extensive consultation the CSUC Division of Information 
Systems develops objective specifications and contract lernns and 
conditions for all systems and services to be obiamed. Because the 
practice is required by law, all systems and services are procured on a 
competitive bid basis. This practice has some desirable features, the 
niost important of which is cost savings. In addition, through this 
practice industfy ha^ at times been motivated to consider changes to 
meet CSUC requirements 

Although most smaller instttutions are not devoting the same 
resources toword planning and managorrmni functions, many smaller 
mstitutmns may still be able to benefit from paying more attention to 
these areas. Smallercoliegesand universities mayalsof rndsubstantia! 
benefit in the discounts for computing equipment and consulting 
Support now- available through EDUCOfVl. 



Institution Policies Affected by New Resources 

In The California State University and Colleges, all program areas 
contend for limited dollars. The desirahditvot improving budgetsupport 
for fampunngiscnnsideredalonq with requests for Improvement mall 
areas Through consultation with the Presidents of all ninyieen 
rampuses prioritiHS for program improvements are identified which 
then must be supported before the Board of Trustees, State agencies 
and the state legislature to obtain improved levels of financial support, 

I he..evp that the majority of CSUC requ irements canbe satisfied by a 
hierarrhy computing resources internal to 'he system. At the same 
tifne may bo desirable to satisfy spe . ized administrative or 
instructional renu-rements through contracts with cofumercial 
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seryices, other univ^rsfties or consortia designed to offer specific 
services. Such specializad requirements include. 

# A Financial Aid billing and collectiuri service 
9 Shared library cataloging 

# Access to divers© vendor hardware and software not installed. 

Some policies Concerning computing in The California State 
University and Colleges may have to be changed to make it possible to 
consider these alternatives. Steps are being taken to enable CSUC 
users to access specialized computing services and to make the 
hierarchy of cornputing resources within The California Stats 
University and CoMeges available beyond i nstitutional boundpiries. 
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